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INTRODUCTION 
The population explosion continues unabated, and provision of 
sufficient food remains elusive. Every hole is being plugged and every effort is 
being made to make sure there's enough food for man. The pathogens too are 
being denied their share. But the assauh of the pathogens continues, and so do 
the attempts to contain this loss. The realization of the unsustainability of 
chemical control of pathogens has led to increase interest in other means of 
control. So protection of plants for better production has to be compatible with 
sustainability. 
Vegetables constitute a very important part of our daily diet. For a 
balanced diet an adult needs about 250g vegetables per day. But the national 
consumption is less than 81g. This is because of the non-availability of 
adequate amount of vegetables, as the actual production of vegetables is 
considerably less than the required quantity. 
Tomato, Lycopersicon esculentum Mill, is an important vegetable crop 
and its cultivation is worldwide. Fresh ripe fhiits are refreshing and appetizing. 
Tomatoes are consumed in the form of juice, paste, ketchup, puree, soup, etc. 
Ripe tomatoes contain glucose and fructose as the principal sugars. The fruits 
contain essential amino acids except tryptophan. Citric and malic acids also 
occur in tomato in appreciable amounts. Tomato contains a gluco-alkaloid 
'tomatine' which is used as precipitating agent for cholesterol. 
In India, despite a large area under cultivation, markets normally 
experience shortage or high cost of tomato, which is probably due to low 
productivity of this crop under local climatic conditions. Apart from 
horticultural constraints, attack by pests and diseases is an important factor 
responsible for lower yields. A number of diseases viz. root rot, root knot, wilt, 
fruit rot, powdery mildew and some bacterial and viral diseases regularly 
develop on tomato and cause considerable decline in yield. 
There are several constraints on the successful cultivation of tomato. 
Nematode alone causes about 20.6 per cent loss in yield worldwide (Sasser, 
1989). Subramaniyan et al. (1990) reported 42.05-54.42 per cent yield loss of 
tomato due to Meloidogyne incognita. Jain et al. (1994) reported 47.3 per cent 
and 71.9 per cent avoidable yield loss in vegetable crops due to M. javanica 
and M incognita, respectively. 
In India, the importance of nematodes as a constraint on successful crop 
production was recognized long ago. The discovery of the prevalence of cyst 
nematode on potato (Jones, 1961) and on wheat (Vasudeva, 1958) examplified 
the seriousness of the problem. Since then, a number of nematode problems of 
national importance have emerged. 
Root knot nematodes are prevalent in 90 per cent of agricultural crops 
and are considered to be the number one problem. These nematodes attack 
underground parts of plants where they induce the development of abnormal 
growth in the roots. Sometimes large galls develop at the base of the stem. The 
size and character of galls vary in different plants e.g. in Thunbergia laurifolia 
and rhubarb, enormously large structures, nearly two feet in diameter, may be 
seen (Steiner et al, 1934). 
Earlier, the attention of those involved in plant protection was focused 
only on the successful control of disease. But with the passage of time, new 
concerns have emerged. Amongst them, damage to the environment is 
foremost. This has prompted research for the development of new strategies for 
disease management. One consequence of this paradigm shift in scientific 
thinking is the attempt to move away from complete reliance on chemical 
pesticides. These pesticides are relatively effective but create a lot of hazards to 
man and the environment. In addition to the target pest, they also kill a lot of 
beneficial micro-organisms in the phylloplane and/or rhizosphere, contaminate 
soil and water and accumulate in plant parts. Pesticide application may solve 
the problem of pest and disease for the time being, but for a lasting, 
economically viable and ecologically sustainable solution, it is imperative to 
explore and exploit other methods of disease management. 
An attractive tool in the hands of agriculturists, which measures to some 
of the above listed criteria is biological control. It implies total or partial 
destruction of the pathogen by other organisms except man. Though biological 
control has been practiced through rotation of crops etc. since ages, the term 
was first used in scientific literature by G.F. Von Tabuef in 1914 (Baker, 
1987). In recent decades, considerable research has been carried out in this 
field. But despite the effort, effective and economic control of pathogens 
through biological control has remained elusive. There are not many cases 
where biological control agents have been registered for commercial use. But 
despite the limited success achieved so far, biological control holds more 
promise than any other strategy of disease management. 
The favourites for biocontrol have been the micro-organisms that grow 
in the rhizosphere. Under natural conditions, these organisms provide the 
frontline defense against pathogens. Among the various micro-organisms, 
arbuscular mycorrhizal fungi have attracted considerable attention for their 
usefulness in biological control. 
Mycorrhizae, the associations between fungi and plant roots are among 
the most widespread symbiotic relationships among plant communities. These 
are potential tools now available to plant scientists to improve the overall 
performance and productivity of plants. Arbuscular mycorrhizae, a type of 
endomycorrhizae are geographically ubiquitous and occur over a broad 
ecological range. They are commonly found in agricultural crops irrespective 
of soil types. The fungi take carbohydrates from the plant and in return supply 
the plant with nutrients, hormones, etc. (Rangaswami, 1990). The fungi 
apparently improve plant growth by increasing the absorbing surface of the 
root system and alleviating water stress; by selectively absorbing and 
accumulating certain nutrients, especially phosphorus; by solubilizing and 
making available to the plants some normally non-soluble minerals; by 
somehow keeping feeder roots functional longer, and by making feeder roots 
more resistant to infection by certain soil fungi such as Phytophthora, Pythium, 
Fusarium and by nematodes (Agrios, 1997). 
Arbuscular mycorrhizae modify the fertility of a given soil by altering 
the nutrient uptake properties of the root system. This is done through the 
development of an extensive network of extrametrical hyphae in the soil 
surrounding the roots, which have the capacity for nutrient absorption and 
transport to the cortical root cells. It is widely accepted that AM play a 
recognized role in nutrient cycling in the ecosystem (Harley and Smith, 1983). 
Increased uptake of phosphorus is not the only effect of AM fungi on plant 
growth. They also stimulate uptake of zinc, copper, sulphur, potassium and 
calcium, although not as markedly as phosphorus (Cooper and Tinker, 1978). 
AM fungi help the roots in better absorption of water by exploring water in 
wider zones ofsoil(Safire/a/., 1971, 1972). 
Antagonism of plant parasitic nematodes by AM flingi has been noted in 
many cases (Strobel et al, 1982; Cooper and Grandison, 1987; Sivaprasad et 
al, 1990; Sitaramaiah and Sikora, 1996, Hasan et a/., 2003; Osman et al., 
2005; Shreenivasa et al, 2007 and Zhang et al, 2008). This may be due to 
improved plant vigour, physiological alteration of root exudates or through 
direct role of mycorrhizae in retarding the development and reproduction of 
nematodes within the root tissues. 
Harnessing the usefulness of micro-organisms like AM fungi will 
enhance the sustainability of our agricultural systems. In the present study, an 
effort is made to establish a biocontrol system for the management of root-knot 
disease of tomato by exploiting AM fungi. Towards achieving this end, the 
study was conducted in the following manner: 
1. A survey was conducted in Ganderbal district of Kashmir to determine 
the AM fungal species colonizing various crops. 
2. These AM fungi were collected from the agricultural fields, multiplied 
by single spore inoculation technique, and pure cultures were 
maintained under pot conditions. 
3. The AM fungi were screened for their relative efficiency in promoting 
the growth of tomato under glasshouse conditions. 
4. The species found to be the most effective was tested for its biocontrol 
potential against Meloidogyne incognita on tomato var. Pusa Ruby. 
(Rfviewqf 
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Biological control implies total or partial destruction of a pathogen by 
any other organism except man. The term was introduced in scientific literature 
by G.F. Von Tabuef in 1914 (Baker, 1987). Interest in biological control first 
arose in 1920s and 1930s, when some plant pathogens were suppressed by 
introducing some antibiotics producing microbes. A turning point for research 
on biological control of plant pathogens came after a gap of more than 30 years 
when in 1963 an International Symposium on 'Ecology of Soilbome Plant 
Pathogens Prelude to Biological Control' was held in Berkeley, USA. 
While various epiphytes and endophytes may contribute to biological 
control, the importance of mycorrhizae deserves special consideration. 
Mycorrhizae are formed as the resuh of mutualistic symbiosis between fungi 
and plants and occur on most plant species. Because they are formed early in 
the development of the plants, they nearly represent ubiquitous to root colonists 
that assist plants with the uptake of nutrients and also prevent root infections by 
reducing the access sites and stimulating root defense. VAM fungi have been 
found to reduce the incidence of root nematode (Linderman and Paulitz, 1990). 
Numerous reviews over the past 15 years on the efficacy of AM fungi as 
biological control agent have been done (Schenck and Kellam, 1978; 
Schoenbeck, 1979; Dehne, 1982; Schenck, 1987; Caron, 1989; Jalali and Jalali, 
1991; Siddiqui and Mahmood, 1995 a). The main objective of this review is to 
analyse the role of AMF on biological control of plant diseases. However the 
information regarding the interaction of these organisms with nematodes are 
meagre and is completely lacking in Indian context. It is therefore a need to 
give a short review on this aspect. 
AM Fungi; distribution and taxonomy 
The term 'mycorrhiza' was introduced by Frank (1885), which literally 
means 'fungus root'. Five main types of mycorrhiza have been recognized viz. 
Ectomycorrhiza, Arbuscular mycorrhiza (AM), Ericoid mycorrhiza. 
Orchidaceous mycorrhiza and Arbutoid mycorrhiza. Of the five major types of 
mycoprrhiza, AM are geographically ubiquitous and occur over a broad 
ecological range. They have the wide host range and about 90 per cent of 
vascular plants normally establish mutualistic relationship with AM fungi. AM 
associations have been observed in 1,000 genera of plants belonging to 200 
families. There are about 300,000 receptive, hosts in world flora (Kendrick and 
Berch, 1985), and 170 AMF species are reported (Mukerji, 1996). 
AM fungi develop association with nearly all cultivated plants whether 
they are agricultural, horticultural, or fruitcrops. According to Gerdemann 
(1975), it's easier to list plant families that do not form AM association than to 
list those that do. Families not forming arbuscular mycorrhizae include the 
Pinaceae, Betulaceae, Orchidaceae, Fumariaceae, Commelinaceae, Urticaceae 
and Ericaceae. Families that rarely form AM structures include the 
Brassicaceae, Chenopodiaceae, Polygonaceae and Cyperaceae. Important crops 
forming AM associations include wheat, maize, all millets, potatoes, beans, 
soybeans, tomatoes, apples, oranges, grapes, banana, castor, tobacco, tea, 
coffee, cocoa, sugarcane, mungo, asparagus, rubber, cardamom, pepper, etc. 
(Bagyaraj, 1991). AM fungi are reported to be found in diverse land areas such 
as calcareous grasslands, arid/semi arid grasslands, several temperate forests, 
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tropical rain forests and shrub lands in diverse parts of the world (Renker et al, 
2005; Oehl et al, 2003; Muthukumar and Udaiyan, 2002). They are found in 
gymnosperms (Harley, 1969), pteridophytes (Cooper, 1976) and bryophytes 
(Parke and Lindermab, 1980) They have been reported in floating (Bagyaraj et 
al., 1979) and submerged aquatic plants (Clayton and Bagyaraj, 1984). Though 
usually confined to roots, they have been reported in diverse structures such as 
modified leaves of water fern Salvinia eucullata (Bagyaraj et al, 1979), 
fruiting peg of peanut (Graw and Rehm, 1977) and modified scale like leaves 
and rhizomes of ginger and canna (Selvaraj et al, 1986). 
In general, VAM population is more in cultivated soil compared to 
virgin soil (Mosse and Bowen, 1968). They are mostly seen in top 15-30 cm of 
soil and their numbers decrease markedly below the top 15 cm of soil 
(Redhead, 1977). They are normally not found in depths beyond the normal 
root range of plants (Mosse et al, 1981). The distribution of species of AM 
fungi varies with climatic and edaphic environment as well as with land use. 
Sankaranarayanan and Sundarababu (2001) observed positive correlation 
between moisture level and AM development upto 70 per cent. Thereafter, 
increase in moisture content had negative influence on AM development. They 
also observed decrease in AM colonization with increase in soil acidity. At pH 
level of 4, AM fungi failed to develop. Hasan et al (2003) observed wide 
differences in AM colonization between different cropping seasons. Species of 
Glomus appear to be the most widely distributed. Gigaspora and Sclerocystis 
spp. are more common in tropical soils. Acaulospora seems to be better 
adapted to soils with pH < 5.0. In fact, certain AM fungi have been linked to 
particular kinds of soil (Kendrick and Berch, 1985). 
The abundance and distribution of AM fungi have been studied by many 
workers (Anderson et al, 1984; Schmidt and Scow, 1986; Mohankumar et al, 
1988; Kim et al, 1989; Rao et al, 1989; Hussain et al, 1995). Plant cover, AM 
spore abundance, plant species richness and number of AM fimgi represented 
as spores were positively correlated with each other and with per cent organic 
matter (Anderson et al, 1984). Schmidt and Scow (1986) found that AM fungi 
were present to varying degrees in the roots of at least members of all plant 
communities studied. Mohankumar et al (1988) reported that most plants 
harboured AM fungi and that soil temperature and moisture status influenced 
the infection. Out of 103 plant species (41 families) collected from two 
limestone sites in Korean republic, 98 species were associated with AM fungi 
(Kim et al, 1989). All the 25 medicinal plants observed by Rao et al (1989) 
harboured AM fungi in their root system. High AM fiingal infection was found 
in the roots of 14 hydrophytes studied by Hussain et al. (1995). 
A qualitative and quantitative distribution of AM spores in soil samples 
from NE Indian habitats, viz, Assam, Arunachal Pradesh, Manipur, Mizoram 
and Nagaland, has been studied by Venkataramanan et al (1990). The highest 
numbers were observed in the plains of Assam, while hilly soils contained 
fewer spores, and those from Mizoram none. The most abundant species were 
Scutellospora nigra, Sclerocystis rubriformis, and Glomus macrocarpus. 
Sulochana and Manoharacharay (1990) reported a total of 11 AM fungi 
belonging to the genera Acaulospora, Glomus and Gigaspora associated in 
both kharief and rabi season with six sesame cultivars and the association and 
colonization being greater in the kharief season. The density and frequency of 
occurrence of AM fungi were found to be greater in autumn than in spring 
(Peng and Shen, 1990). 40 out of 43 species of flowering plants examined by 
Kuhn et al. (1991) were heavily infected with AM fungi. Reyes and Ferrera 
(1992) observed that AM colonization levels are higher in herbs than in shrubs. 
AM spores were found to be more intensive in the rhizosphere of non-legumes 
than in legumes (Bhardwaj et al. 1997). They also observed that soil pH, total 
soil P, available P, type of soil, soil moisture, and cropping season influenced 
the AM population in natural ecosystems. Significant correlation between AM 
fungi and soil pH, moisture and P content has been observed by other workers 
also (Rani and Manoharachary, 1994; Wetzel and Van-der Vails, 1996; 
Bhardwaj et al. 1997). AM colonization was observed to be lowest during 
winter and highest during late summer and autumn by Payal et al. (1994). 
AM fiingi are included in the order Glomales of class Zygomycetes. 
This order includes the genera Glomus and Sclerocystis (Glomaceae), 
Acaulospora and Entrophospora (Acaulosporaceae) and Gigaspora and 
Scutellospora (Gigasporaceae) (Morton and Benny, 1990). 
Successful mycorrhizal formation depends on the presence of 
appropriate host, fungus and environment. Spores in the soil may germinate 
even in the absence of a suitable host, but usually in conditions that are also 
appropriate for plant seed germination and root growth (Powell, 1976; Daniel 
and Trappe, 1980). In the absence of a receptive host, the cytoplasm may be 
retracted from the germ tube, leading to the resumption of a quiescent state 
(Mosse, 1981). Such spores may retain the capacity to germinate on several 
subsequent occasions. However, germinating hyphae, in some cases, can retain 
their infectivity upto four months, thereby greatly enhancing the probability of 
finding a suitable host (Rovira and Bowen, 1966). 
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The interaction of fungus and plant may begin well before the hypha and 
the root make physical contact. Germ tubes of Gigaspora gigantea were 
attracted through air towards roots of bean or com, probably by volatile 
substances that were active over at least 10 mm (Koske, 1982). Germinating 
spores of Glomus mosseae liberated substances having the same kind of 
biological activity as gibberellins and cytokinins (Barea and Azcon-Aguilar, 
1982). The sparasity or lack of infection in families like Chenopodiaceae, 
Brassicaceae, Caryophyllaceae etc. could be due to numerous reasons, ranging 
from a physical barrier of cell wall, to an absence of essential nutrients, to 
production of toxins by the plants. The case for lack of essential nutrients 
appears to be weak (Daniels, and Trappe, 1980). However, there are some 
evidences in favour of the toxin theory (Ocampo et al, 1980; Powell, 1982; 
Harinikumar and Bagyaraj, 1988). The occurrence of a wide range of Sulphur 
compounds in Brassicaceae and of betalins in Chenopodiaceae, both of which 
have fungistatic activity, might be important (Bowen, 1987). 
AM fungi benefits to the host 
Much interest has been shown in arbuscular mycorrhizal fungi in 
commercial agriculture (Ferguson, 1984; Schenk, 1985). The interest stemmed 
from the published evidence which indicate that mycorrhizal fungi, which form 
symbiotic association with plant roots promote plant growth and health 
(Gerdemann, 1968;Harley, 1969; Tinker, 1975; Howeler et«/., 1987;Lin-Xian 
and Hao, 1988; Raju et al, 1990). The use of AM fungi for crop productivity 
requires the selection of an efficient and appropriate fungus, and this aspect has 
been assessed by many workers (Jensen, 1982; Krishna et al, 1985). The 
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agricultural importance of AMF is mainly due to their ability to increase 
phosphate uptake and other major and minor nutrients of crop plants (Mosse et 
al., 1973). 
The main hurdle in exploiting beneficial effects of AM fungi for 
improved agricultural productivity is the obligate nature of the symbiont. They 
can not be grown and cultured in the absence of their host plants. Mass 
multiplication of these fungi is still difficult, thus making them available for 
wide use in the field is not possible. At present, the use of AM is confined to 
greenhouse and pot culture studies, and to a limited extent in plant propagation 
nurseries (Rangaswami, 1990). Field trials conducted in India indicated that 
AM inoculation increased crop-yield significantly in 50 per cent of the trials 
(Wani and Lee, 1992). Effect of AM fungi on various types of plants have been 
shown by various workers (Asif er al., 1995; Kehri and Chandra, 1990; Menge 
et al, 1978; Plenchette et al, 1981; Ragupathy and Mahadevan, 1993; 
Muhammed and Hussain, 1995). Dixon et al (1997) observed that AM 
symbiont also increased drought tolerance of Prosopis plants in terms of 
maintaining and enhancing growth under water stress conditions. This study 
indicates the potential of AM to reduce partly/replace the fertilizer 
requirements of trees in degraded and semi-arid sites. 
Various workers have reported increase in growth and yield on 
inoculation with AM fungi (Koch et al, 1997; Owusu and Mosse, 1979; Kuo 
and Hung, 1982; Khan, 1975; Luis and Brown, 1986). An 18 per cent increase 
in onion bulb production was observed by Powell and Bagyaraj (1982) on 
inoculation with AM fungi. Koch et al (1997) observed that AM inoculated 
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garlic plants were larger, had more green leaves and increased photosynthesis 
rate, especially at low light intensities, and higher fresh and dry weights than 
plants in uninoculated plots. Cereal growth was found to be promoted by AM 
fungi under field conditions. Phosphorus content in mycorrhizal root tissue of 
maize plants was increased 35 per cent by G. mosseae and 98 per cent by G. 
fasciculatum (Khan, 1975). Root infection by AM fungi significantly improved 
phosphorus uptake, translocation, and its subsequent transfer in host plant 
(Shnyrera and Kulaev, 1994). A 41.5 per cent increase in yield of rice was 
observed on inoculation with Gigaspora gigantea (Sanni, 1976). AM rice 
varieties tested by Kehri and Chandra (1990) showed increased yield in 
response to AM inoculation. Inoculation with Glomus versiforme increased the 
dry weight of Sorghum by 10-20 per cent (Singh and Tilak, 1990). Pigeonpea 
plants inoculated with AM fungi had higher shoot and root dry weight and 
phosphate content (Manjunath and Bagyaraj, 1984; Ramraj and Shanmugam, 
1990). Shoot and root dry weights were observed to be promoted on 
inoculation with Glomus leptotrichum, G. macrocarpum, G. fasciculatum, 
Acaulosora laevis and Gigaspora margarita (Reddy and Bagyaraj, 1990). 
Ramraj and Shanmugam (1990) found Glomus etunicatum to be effective in 
increasing the shoot and root dry weight of cowpea. Kuo and Haung (1982) 
found highly significant increase (21 per cent) in grain yield of soybean with 
AM inoculation (Glomus spp.) in the stubble of newly harvested paddy rice. 
The result suggested that AMF inoculation might be important for the crops 
after paddy rice, where population of indigenous AM fungi have been depleted 
under an aerobic soil conditions. Significant response of soybean to inoculation 
with AM fungi in phosphate deficient soil has been reported by Raverkar and 
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Tilak (1988) and Ross (1970). Shoot dry weight was found to be significantly 
higher in blackgram inoculated with G. fasciculatum, G. constrictum, G. 
versiforme and Acaulospora spp. (Umadevi and Sitaramaiah, 1990). 
All the four AM species used by Sundaram and Arangarsan (1995) 
viz, G. fasciculatum, G. mosseae, Gigaspora margarita and Acaulospora 
laevis, were found to increase yield of tomato. AM association also improved 
the quality attributes such as increase in percentage of vitamin C and total 
soluble sugar and enhance the productivity of plant (Selvaraj et al, 1995). 
Hazarika and Phookan (1995) reported that Glomus aggregatum, G. mosseae 
and G. fasciculatum exhibited significant influence on growth and yield of 
chilli in nursery bed. Significant increase in dry weight of groundnut was 
observed on inoculation with AM fungi (Dafl and El-Giahmi, 1976). Phosphate 
uptake, root and shoot growth and pod yield were observed to be stimulated on 
inoculation with AM fungi in chilli (Krishna and Bagyaraj, 1982; Joshi, 1995). 
Many workers have studied the utility of mycorrhizal application in 
horticultural crops (Menge et al, 1978; Onkarayya and Sukhada, 1993; 
Plenchette et al, 1981; Sharma and Bhutani, 1995; Hughes et al, 1978). All 
these workers have reported beneficial effects of inoculation with AM fiingi. 
Yield increase of 25 per cent /plant was observed in banana plants inoculated 
with G. mosseae and G. fasciculatum (Mohandas, 1995). G. mosseae 
inoculated jack fruit plants were found to have higher plant height and fresh 
weight (Sivaprasad et al, 1995). 
Beneficial effects of AM fiingi have also been observed in non-host 
plants. Harinikumar et al. (1990) found that in sunflower, inoculation with 
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Acaulospora laevis resulted in maximum plant height and shoot dry weight. 
Charest et al. (1997) have suggested that establishment of AM-grass symbiosis 
could help in reducing fertilizer inputs. Soybean production was improved on 
inoculation with Glomus fasciculatum (Llbas and Sahin, 2005). 
Mycorrhizal fungi enhance the absorption of nutrients by increasing the 
total surface area of the roots. Mycorrhizal infection can improve the 
phosphorus nutrition of the host. Absorbed phosphorus is probably converted 
into polyphosphate granules in the external hyphae (Callow et al, 1978) and 
passed to the arbuscules for transfer to the host (White and Brown, 1979). This 
flow of phosphorus occurs in the presence of acid phosphates (Gianinazzi et 
al, 1979) during arbuscular life span (Gox and Tinker, 1976) or senescence 
(Kinden and Brown, 1975). The mycelial network in mycorrhizal plants 
enables them to extract phosphorus from places beyond the zone of low 
concentration around the roots (Jakobson et al, 1992). AMF also stimulate the 
plant uptake of zinc, copper, sulphur, potassium and calcium, although not as 
markedly as phosphorus (Cooper and Tinker, 1978). Mycorrhizal fungi trap 
organic and inorganic phosphorus sources in soil which are normally not 
available to non-mycorrhizal plants (Powell, 1979). Subtle changes occur in 
mycorrhizal roots and these changes may be of considerable consequences to 
host growth and nutrition. An increase in stele circumference induced by 
mycorrhizae would allow greater uptake and passage, of water and nutrients to 
the vascular cylinder (Miller et al, 1997). 
Sylvia et al. (2001) evaluated the influence of arbuscular mycorrhizal 
(AM) fungi on the competitive pressure of bahiagrass on the growth of tomato. 
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Tomato grown alone was very responsive to mycorrhizal colonization, shoot 
dry weight of inoculated plants was upto 243 per cent greater than that of non-
inoculated plants. Tomato grown with bahiagrass had reduced root and shoot 
growth across all treatments compared with tomato grown alone but there was 
a substantial increase in shoot weight following AM ftingal inoculation. They 
concluded that the role of mycorrhizae in plant competition for nutrients is 
markedly impacted by soil nutrient status and reduced P application. 
Mamatha and Bagyaraj (2002) studied the effect of different levels of 
VAM application on growth and nutrition of tomato under green-house 
conditions. Different levels oi G. fasciculatum tried (0, 0.5, 1.0, 1.5, 2.0 and 2.5 
kg/m^ of nursery bed) improved the plant growth, biomass, P content, 
mycorrhizal root colonization. Further increase in inoculum level did not 
significantly improved seedling growth and nutrition. Mamatha and Bagyaraj 
(2003) in another experiment studied the effect of different methods of VAM 
inoculum application on growth and nutrient uptake of tomato seedlings grown 
in raised nursery beds. G. mosseae application resulted in increase of plant 
height, number of leaves, leaf areas, plant biomass, phosphorus content and per 
cent colonization. 
Yao et al. (2001) observed the external mycelium of Glomus versiforme 
mobilized sparingly soluble inorganic phosphates in red clover plants under 
stress conditions of low P. Chaoxing et al. (2006) studied the effects of 
different AM fungi strains inoculation on tomato growth and nutrient 
absorption during seedling stage. They found inoculated plants produced higher 
dry matter and showed higher nutrient uptake than uninoculated ones. G. 
mosseae strains showed higher infection rate than the others. 
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AMF play an important role in water economy of the plants and their 
association improves the hydraulic conductivity of the roots, thereby helping in 
better uptake of water by the plant. Improved water absorption resulted in 
better performance (Kehri and Chandra, 1989; 1990). This is probably due to 
exploration of water in wider zones of soil by AMF hyphae (Safir et al, 1971; 
1972). Mycorrhizal plants have shown better survival than non-mycorrhizal 
ones in extremely dry conditions (Allen et al, 1981). There's also evidence that 
endomycorrhizae directly affected the plant hormone level (Allen et al, 1980; 
1982). Production of phytohormones by Glomus mosseae has been reported by 
Barea and Azcon (1982). Sheng et al (2008) studied the influence of 
arbuscular mycorrhizae on photosynthesis and water status of maize plants 
under salt stress. Their results showed that G. mosseae alleviates the 
deleterious effect of salt stress on plant growth, through improving plant water 
status, chlorophyll concentration and photosynthetic capacity. 
VAM as biofertilizers : 
The importance of AMF as a tool, for improving the growth and 
productivity in diverse growth of plants was recognized only after the work of 
Gerdemann (1968) and Moose (1973). However, during last two decades a lot 
of information has been gathered about the taxonomy, ecology, physiology and 
anatomy of AM fungi and their relation with host especially in relation to 
uptake of phosphorus and also other mineral nutrients, hormone production and 
root diseases (Gianinazzi et al, 1982; Harley and Smith, 1983; Gianinazzi and 
Gianinazzi-Pearson, 1986; Grahm, 1988). Attempts have been made to 
cultivate them in artificial culture media and use them in different plant 
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production system (Gianinazzi et al., 1984; Hall, 1988; Gianinazzi et al., 
1990). 
AM fungi are not host specific but can exhibit certain preferences if 
screened against different plants and therefore, have a very wide host range. 
They were also occurring over a wide range of agroclimatic condition (Mosse, 
1972). AMF produce three types of spores, zygospores, azygospores and 
chlamydospores (Trappe and Schenck, 1982). 
AM fungi are ubiquitous and have been recovered from the soils 
of a variety of habitats. In India, VAM fungi are very well distributed in 
cultivated than in non-cultivated soil. Mosse and Bowen (1968), Sparling and 
Tinker (1978), reported more number of spores in cultivated lands than non-
cultivated land. Janardhanan et al. (1994) reported presence of VAM fungi 
from alkaline soil. 
Khan (1975) observed that seasonal variation has a remarkable influence 
on the spore number. The spore populations of VAM fungi also vary at 
different sites in the same geographical area. He also found Glomus mosseae 
very common in near neutral soils and very rare in acidic soils. 
Schmidt and Snow (1986) found that AM fungi were present to varying 
degree in the roots of at least some members of all plant communities sampled. 
Medina et al. (1988) observed that legume species differed in per cent root 
colonization and total spore density among locations. Mohankumar et al. 
(1988) revealed that most plants harboured AM fungi were influenced by 
temperature and moisture status. Kim et al. (1989) noted that out of 103 plant 
species (41 families) collected from limestone sites in Korea republic, 98 
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species were associated with AM fungi. Hussain et al. (1995) observed AM in 
the roots of 14 hydrophytes and suggested that high AM colonization in plant 
root is due to the availability of oxygen. Venkataramanan et al. (1990) had 
given qualitative and quantitative distribution of AM spores in soil samples 
from Indian habitats viz., Assam, Arunachal Pradesh, Manipur, Mizorum and 
Nagaland. The highest counts were made in the planes of Assam. The most 
abundant species were found to be Scutellospora nigra, Sclerocystis 
rubriformis and Glomus macrocarpum. They suggested that the inoculation 
trials in hilly areas with AM fungi proved beneficial to crops such as chilli, 
soybean and maize. 
Peng and Shen (1990) observed that spore density and frequency of 
occurrence of AM fungi are greater in autumn than on the spring. Payal et al. 
(1994) reported that AM colonization happens to be the lowest during winter 
and highest during late summer and autumn. Kuhn et al. (1991) reported that 
out of 43 species of flowering plants examined, 40 are nearly associated with 
VAM fungi. Root colonization by vesicular arbuscular mycorrhizae ranged 
from 6 to 28 per cent and total spore density ranged from 23-256 per 100 g soil. 
Level of AM colonization varies between the two crops from site to site and 
not related to soil properties (Talukdar and Germida, 1993) and species to 
species (Muthukumar et al, 1996). 
Wu et al. (2005) studied the effect of biofertilizer containing N, P and K 
solubilizers and AM fungi on maize growth. The identified bioferitlizer as an 
alternative to chemical fertilizers to increase soil fertility and crop production 
in sustainable farming. They concluded that the use of biofertilizer resulted in 
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the highest biomass and seedling height. This study also indicated that half the 
amount of biofertilizer application had similar effects when compared with 
organic fertilizer or chemical fertilizer treatments. 
Abdelhafez and Abdel-Monsief (2006) reported higher yield and NPK content 
in mycorrhizal cantaloupe and cucumber plants grown under the 85% water 
regime than those of the superphosphate-amended plants grown with 100 per 
cent water regime. 
Arbuscular mycorrhizas were found to improve plant zinc nutrition, specially 
under low soil zinc concentrations (Cavagnaro, 2008). 
VAM fungi in nematode control: 
Plant parasitic nematodes and mycorrhizal fungi are commonly found 
inhabiting the same soil and colonizing roots of their host plants. These two 
groups of micro-organism exert a characteristic, but opposite effect on plant 
health. The potential role of mycorrhizal fungi for the control of nematode 
diseases has received considerable attention (Osman et al, 1990; Ahmad and 
Alsayed, 1991; Sankaranaryanan and Sundarababu, 1994; Santhi and 
Sundarbabu, 1995; Price era/., 1995). 
Arbuscular mycorrhizal fungi (AMF) variously influence a number of 
plant nematode interactions (Atilano et al, 1981; Hussey and Roncadori, 
1982). High populations of endoparasitic nematodes and spores of 
endomycorrhizal fungi were found in a survey made by Hasan and Jain (1987) 
indicating that these nematodes do not affect the VAM fungi and vice versa. 
However, in some crops like gram, cowpea and pigeonpea, low incidence of 
root-knot nematode in the roots having high level of VAM fungi was observed 
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(Hasan and Jain, 1987). Jain and Hasan (1986) in a different investigation 
indicated that the presence of nematodes did not adversely affect VAM 
sporulation and reported that, where there was only 50 per cent root 
colonization, nematode number was lower and they rarely infect VAM 
colonized region of roots, but on the other side, the roots infected by 
endoparasitic nematode were not colonized by VAM fungi while the damage 
done by plant parasitic nematodes is compensated by mycorrhizae unless close 
to the nematode feeding site. Stimulation of root grow1:h by VAM provides 
greater habitat and sometimes resulted in increase of nematode population. 
Increased spore production and higher root colonization by VAM fungi in the 
presence of nematodes have also been observed (Ingham, 1988). Jain and Sethi 
(1989) showed that the occurrence of Heterodera cajani and VAM fungi, 
Glomus fasciculatum and G. epigaeus in Vigna unguiculata were largely 
independent of each other and the organism modify the effect of each other to 
some extent. However, an increase in nematode inoculum invariably resulted in 
reduced root infection and spore production by mycorrhizal fungi. The 
presence of G. fasciculatum showed a profound adverse effect on cyst 
production and muhiplication of nematode, while G. epigaeus exhibited a 
reverse trend. 
In several studies AM fungi have shown an antagonistic influence on the 
population of plant parasitic nematode (Bagyaraj et al, 1979; Saleh and Sikora, 
1984; Cooper and Grandison, 1986; Sitaramaiah and Sikora, 1982; Carling et 
al, 1989; Sivprasad et al, 1990; Rao et al, 1992; Sankaranarayanan and 
Sundarbabu, 1994; Osman et al, 2005). Nematode susceptible plants colonized 
by AM fungi were better able to tolerate plant pathogenic nematode (Kellam 
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and Schenck, 1980; Sitaramaiah and Sikora, 1982; Grandison and Cooper, 
1986; Diederichs, 1987; Jain and Sethi, 1989; Osman et ai, 1990; 
Sankaranarayanan and Sundarababu, 1994). As a result of interaction in 
general, the severity of nematode diseases was reduced in mycorrhizal plants. 
The antagonistic effects of AM fungi on nematodes may be either physical or 
physiological in nature. The nematode control may be through improved plant 
vigour, physiological alteration of root exudates or through direct role of 
mycorrhizae in retarding the development and reproduction of nematodes 
within root tissues. Sitaramaiah and Sikora (1980) observed that Glomus 
mosseae increased the resistance of tomato plants to Rotylenchulus reniformis 
infection. AM fungi can alter the physiology of the root, including root 
exudates which were responsible for chemotactic attraction of nematode. 
Sikora (1978) suggested that attractiveness of the root system to M. incognita 
larvae was altered by the presence of G. mosseae. Sitaramaiah and Sikora 
(1982) expressed the other version of increasing resistance in tomato plants 
colonized by Glomus fasciculatum against Rotylenchulus reniformis by 
delaying the nematode attack in roots and less formation of egg/eggsac. 
Glomus fasciculatum adversely affected R. reniformis during several phases of 
its life cycle. Investigations of Atilano et at. (1981), Cason et al. (1983), 
Roncadori and Hussey (1977), Healed et al. (1989) have suggested that 
increased nutrient uptake of mycorrhizal fungi enhances plant tolerance relative 
to detrimental effects on nematode. Similarly it had been found that the 
presence of mycorrhizae increase the tolerance of plants to diseases (Chandra 
and Kehri, 1996). The increase of giant cells formed by mycorrhizal plants was 
significantly low in tomato plants, infected with root-knot nematode M. 
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incognita and mycorrhizal root did not prevent penetration by the nematode 
larvae (Suresh et al., 1985). 
Sivaprasad et al. (1990) showed that the pre-inoculation of Piper nigrum 
cv. Panniyur cuttings with Glomus fasciculatum or G. etunicatum reduced the 
root knot (Meloidogyne incognita) index by 32.4 and 36.0 per cent 
respectively, reduced nematode population in roots and surrounding soil, and 
significantly increased growth even in the presence of nematode. The tolerance 
of kiwi plants to M. javanica was increased in presence of G. etunicatum 
(VerdQJo et al., 1990). 
Srivastava et al. (1990) found that acid phosphatase activity in leaf was 
greater in Meloidogyne incognita inoculated tomato plants than Glomus 
fasciculatum inoculated plants while phosphorus concentration was generally 
higher in Glomus mosseae inoculated plants. Singh et al. (1990) noted that pre-
occupation of tomato (Pusa Ruby) roots with Glomus fasciculatum resulted in 
an increase in lignin and phenols and this might increase the resistance in 
tomato plants against root knot nematode, Meloidogyne incognita. Mittal et al. 
(1991) showed that tomato tissues forming galls following inoculation with 
Meloidogyne incognita had no AM fiingi while roots lacking nematode galls 
had vesicles and arbuscules of Glomus fasciculatum, which inhibits the 
formation of nematode galls. Glomus fasciculatum was found to be the better 
and most effective mycorrhizal fungus when compared to G. mosseae in its 
overall performance (Sharma and Trivedi, 1994). 
Glomus fasciculatum application in nursery beds helped the mycorrhiza 
to colour the tomato roots before transplantation to the main field, thereby 
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preventing the penetration and development of nematode in the infected plants 
(Sundarababu and Sankaranarayanan, 1995). Mishra (1996) studied the inter-
relationship of Meloidogyne incognita, G. fasciculatum and the three 
commonly used herbicides. Higher level of VAM after 60 days of inoculation 
improved growth of tomato plant, whereas higher levels of M incognita caused 
progressive reduction in plant growth. Simultaneous incorporation of VAM and 
nematode resulted in maximum multiplication of VAM. Pre-establishment of 
G. fasciculatum increased plant growth, decreased the size and number of galls 
and improved NPK uptake over plants inoculated with the nematode alone or 
pre-inoculated with the nematode to VAM. Herbicidal combination with VAM 
and nematode showed overall decrease in growth of tomato plants, 
multiplication of Glomus sp. and uptake of NPK. Sundarababu et al. (1996) 
observed that when Glomus fasciculatum was inoculated 15 days prior to 
nematode inoculation, that resulted an enhancing the growth of tomato cv. COS 
and suppress M incognita multiplication. Simultaneous inoculation followed 
the similar pattern. G. fasciculatum was unable to suppress nematode growth 
when the nematode was inoculated 15 days prior to fungus. Mishra and Shukla 
(1997) reported that simultaneous inoculation of G. fasciculatum with M 
incognita caused greater reduction in the number and size of the nematode 
induced root galls. Application of G. fasciculatum 15 days prior to the 
nematode significantly decreased the number of size of the galls and increased 
growth of tomato var. Pusa Ruby as compared to plant inoculated with 
nematode alone or inoculation with nematode 15 days prior to VAM. NPK 
contents of tomato plants were significantly higher with prior and simultaneous 
application of the VAM and nematode. Indigenous isolates of AM fungus, 
24 
Glomus fasciculatum were found effective in the management of root-knot 
nematode Melodogyne incognita on tomato (Kantharaju, 2005). Shreenivasa et 
al. (2007) found that presence of AM fungus {Glomus fasciculatum) reduced 
penetration of Meloidogyne incognita larvae in tomato roots. Neog et al. (2007) 
in a study on different spore levels and time of inoculation of VAM fungus 
Glomus fasciculatum observed that inoculation of VAM with two doses viz., 
150 and 300 spores prior to nematode inoculation was more effective in 
reducing number of galls, egg masses and final nematode population in soil and 
increasing plant growth parameters as compared to simultaneous inoculation of 
both VAM and nematode or inoculation of nematode 10 days prior to 
inoculation of VAM and the highest reduction was recorded when 300 spores 
were added 10 days prior to inoculation of nematode. 
Baghel et al. (1990) observed that Glomus mosseae stimulated the 
growth of Citrus jambhiri seedlings. The nematode Tylenchulus semipenetrans 
teased plant growth and simultaneous inoculation with AMP and nematode 
partly neutralized the adverse effect of the nematode, as the fungus was 
limiting the development of the nematode. 
Carling et al. (1995) studied the individual and combined effects of two 
arbuscular mycorrhizal fungi (AMF), Meloidogyne arenaria and phosphorus 
(P) fertilization (0, 25, 75 and 125.7 g/g soil) on peanut plant growth and yields 
in green house. Best growth and yields usually occurred at 75 and 125 g P 
regardless of inoculation treatment. In challenge inoculations, VAM increased 
peanut plant tolerance to the nematode and offset the growth reduction caused 
by M arenaria at the two lower P levels. 
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Cofcewicz et al. (2001) under greenhouse conditions studied the 
interaction of arbuscular mycorrhizal fungi Glomus etunicatum and Gigaspora 
margarita and root knot nematode, Meloidogyne javanica and their effects on 
the growth and mineral nutrition of tomato. The result pointed out that the 
shoot dry matter yield was reduced by nematode infection and this reduction 
was less pronounced in plants colonized with G. etunicatum than plant 
colonized with G. margarita and non-mycorrhizal plants. The higher tolerance 
of plants colonized with G. etunicatum to M. javanica appeared to be 
associated with P nutrition. 
Labeena et al. (2002) evaluated the ability of five arbuscular mycorrhiza 
viz. Glomus fasciculatum, Glomus macrocarpum, Gigaspora margarita, 
Acaulospora laevis and Sclerocystic dussi to mitigate damage caused by M. 
incognita on tomato cv. Pusa Ruby. They found that Glomus fasciculatum was 
the most efficient in promoting plant growth in the presence of nematode. The 
developmental stages of nematodes in the roots and nematode density in soil 
were suppressed by the AM fungi and the most pronounced effect was 
exhibited by Glomus fasciculatum. 
Kantharaju et al. (2003) carried out a survey to determine the 
biodiversity of vasicular arbuscular mycorrhiza (VAM) Glomus fasciculatum in 
the rhizosphere of different crops in seven district of southern Kamataka, India. 
Among 108 soil collected, only 8 isolates o^ G. fasciculatum were selected on 
the basis of spore morphology and spore load and were evaluated against root 
knot nematode, Meloidogyne incognita race-1, on tomato. Amongst the isolates 
tested, the Shimoga, areca isolate was the most effective in increasing the plant 
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growth parameters, the most number of chlamydospores and highest per cent 
colonization. Nematode population in soil, number of galls and egg masses per 
root system were lowest in Shimoga banana isolate followed by Shimoga areca 
isolate. 
Osman et al. (2005) studied the interaction of root-knot nematode and 
VAM fungi on common bean plants (Phaseolus vulgaris L.) in the greenhouse. 
They concluded that the inoculation with VAM fungus caused a significant 
increase in plant height and fresh weight compared with non-treated plants. 
Meloidogyne infection significantly decreased plant height and dry weight. 
When fungus was inoculated at 15 and 30 days prior to M incognita infection, 
a significant increased in fresh weight was observed. The inoculation with 
VAM fungus caused a significant increase phosphorus content. However, it 
was significantly decreased in plants inoculated with nematode alone and in 
plants inoculated with VAM fungus and M. incognita at the same time. Gall 
index and final nematode population were significantly increased when 
nematodes were inoculated at the same time with fungus, although there were 
significant decrease in nematode final population and gall index when plants 
were inoculated with nematodes at 15 and 30 day after mycorrhizal infection. 
A decrease in percentage of fungal colonization was observed when nematodes 
were inoculated with fungus simultaneously. 
Castillo et al. (2006) studied the effect of single and combined 
inoculation of olive planting stocks cvs. Arbequina and Picual with the 
arbuscular mycorrhizal fungi (AMF) Glomus intraradices, Glomus mosseae or 
Glomus viscosum and the root knot nematodes M. incognita and M javanica on 
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plant performance and nematode infection. They concluded that prior 
inoculation of olive plants with AMF may contribute to improving the health 
status and vigour of cvs. Arbequina and Picual planting stocks during nursery 
propagation. 
Zhang et al. (2008) in a pot experiment evaluated the influence of pre-
inoculation of cucumber plants with three mycorrhizal (AM) fungi Glomus 
intraradices, G. mosseae and G. versiforme on reproduction of root-knot 
nematode Meloidogyne incognita. Inoculation of all three AM ftmgi tested, 
substantially reduced root galling index, numbers of galls per root system, 
number of females, number of eggs per gram root and number of egg per egg 
mass. However number of galls per root system was significantly reduced only 
in the G. intraradices + M. incognita treatment and the number of egg masses 
per gram root was greatly reduced by G. mosseae or G. versiforme. 
Considering the plant growth, nutrient uptake and the suppression of M 




SECTION - 1 
THE OCCURRENCE OF ARBUSCULAR MYCORRHIZAL 
FUNGI (AMF), CHARACTERIZATION OF SOIL, SPORE 
POPULATION OF AMF IN SOIL AND ROOT COLONIZATION 
OF SOME COMMONLY CULTIVATED CROPS IN GANDERBAL 
DISTRICT OF KASHMIR - A SURVEY 
Introduction 
An extensive survey of agricultural fields of Ganderbal district of some 
important cultivated crops was conducted for quantitative and qualitative 
assessment of AM fungal spore population and per cent root colonization by 
AMF at four sites under field conditions. The four sites selected were Safapora 
(A), Barsoo (B), Lar (C) and Behama (D) having some commonly cultivated 
crops- like brinjal (Solarium melongena L.), tomato {Lycopersicon esculentum 
Mill.), pea {Pisum sativum L.), bean {Phaseolus vulgaris L.), maize {Zea mays 
L.), chilli {Capsicum annum L.) and cabbage (Brassica oleracea L.). 
The soil of the experimental sites were sandy loam and the 
characteristics of the soil are given in (table 1). The temperature of the sites 
ranges 21.3 to 33.4°C while relative humidity fi-om 42.5 to 65.5% in a calendar 
year. All the sites have narrow range of pH 7.6 to 8.6 and have satisfactory 
irrigational facilities with a soil moisture 5 to 9.80%. 
MATERIALS AND METHODS 
Soil sampling and root sample collection: 
Sampling was done for each crop separately from the fields of cultivated 
crops at site A, B, C and D during the year 2008. 
Soil samples (soil cones of 5 cm diam.) were collected at random from 
each soil with the help of soil auger upto a depth of 15 cm near the plant base. 
Forty such samples were collected from each plant species and were 
thoroughly mixed to make a composite sample, seven samples of 100 g soils 
were used for recovery of spores. 
Seven root samples for each plant species were collected at random in 
order to assess root colonization of AM fungi. A representative sample of the 
entire root system was obtained from five different portions of the root system 
after washing by tap water. 
Soil characteristics: 
The soil samples were brought to laboratory, marked and packed in 
polythene bags and their electric conductivity (EC) and pH were measured with 
EC meter and pH meter respectively in the extract collected fi-om 1:1 soil/water 
suspension. The texture of soil in relation to particle size was determined by 
hydrometer method (Allen et al, 1974); total organic carbon by the method 
given by Walkley and Black (1934); total nitrogen by microkjeldahl method 
(Nelson and Sommers, 1972) and total phosphorus by molybdenum blue 
method (Allen et al, 1974); and potassium by using flame photometer 
(Jackson, 1973). 
Quantitative estimation of spores from the soil: 
Spores of AM ftingi were isolated by wet sieving and decanting method 
(Gerdeman and Nicolson, 1963). For this a sample of 100 g dry soil was mixed 
in water (1000 ml) and the heavier particles were allowed to settle for few 
seconds. The liquid was poured through a coarse soil sieve to remove large 
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piece of organic matter. The liquid passed through this sieve was collected and 
again passed through sieves of 80, 100, 150, 250 and 400 mesh. Spores 
obtained on sieves were collected with water in separate beakers. The spores 
were counted in 1 ml of the suspension in nematode counting dish under the 
stereoscopic microscope. The final number of spores/1 OOg of soil was 
calculated accordingly for each crop. 
Assessment of colonization by AM Fungi: 
Clearing and staining (Phillips and Hayman, 1970) 
Roots v/ere washed with tap water and cut it into 1 cm long segments 
and then boiled in 10% KOH solution at 90°C for 45 minutes. KOH solution 
was then poured off and roots were rinsed well in a beaker until no brown 
colour appeared in the rinsed water. Alkaline H2O2 which was used to bleach 
the roots was made by adding 3 m of NH4OH to 30 ml of 10% H2O2 and 567 ml 
of tap water. The roots were rinsed thoroughly at least three times using tap 
water to remove the H2O2. Roots were then treated with 0.05% trypan blue (in 
lactophenol) and kept for overnight for destaining in a solution, prepared with 
acetic acid (laboratory grade)-875 ml, glycerine-63 ml and distilled water-63 
ml. 
The cellular contents were removed by this method and the AM fungal 
structures get stained dark blue. These stained root segments were used for 
determining the root colonization by AM fungi. 
Percentage of root colonization and per cent arbuscules were determined 
by slide method (Giovanetti and Mosse, 1980). The root segments were 
selected at random from the stained sample and mounted on microscopic slides 
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in groups of ten. One hundred to one hundred and fifty root segments from 
each samples were used for the assessment. The presence of absence of 
colonization in each root segment was recorded and per cent colonization was 
calculated as follows: 
Number of mycorrhizal segments 
% AM association = x 100 
Total number of segments screened 
Isolated spores were identified with the help of keys provided by 
different workers (Trappe, 1982; Hall and Fish, 1979; Bakshi, 1974; Rani and 
Mukerji, 1988; Srinivas et al., 1988). The data collected during this study were 




It was found that all the sites (A, B, C and D) have sandy loam soil and 
their composition is almost the same with pH ranging from 7.6 at site C to 8.6 
at site D (Table 1). The electric conductivity was lowest at site A and highest at 
site B. Organic carbon content of the soil at site A was highest, followed by 
sites C, D and B. As far as the soil nutrient is concerned, nitrogen content was 
highest at site C while P ranged between 7.5 to 8.6 kg/ha highest being at site 
C. K content ranged from 93.4 to 99.0 with site D having the highest value. 
All the sites studied showed the presence of different AM fungi. It is 
evident from the survey that genus Glomus is predominant at all the four sites 
with five species namely G. fasciculatum, G. mosseae, G. etunicatum, G. 
constrictum and G. macrocarpum and genus Gigaspora with one species 
Gigaspora gigantea. 
The data provided in table 2 indicates that the total spore number per 
lOOg of soil varied with the crop as well as with the site. The chilli crop 
showed the highest number of spores, whereas bean showed the minimum and 
these results were observed at all four sites investigated. 
At site A, pea showed the second highest number of spores followed by 
chilli, tomato, brinjal, maize and bean. The statistical analysis of the data 
clearly shows that the spore number varied significantly from one crop to 
another. 
At site B, the highest and lowest spore numbers were recorded in chilli 
and tomato, respectively. The second highest number of spores was recorded in 
cabbage followed by brinjal, maize, bean and pea. The statistical analysis 
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At site C, the highest number of spores was recorded in tomato and 
lowest in pea. The statistical analysis, however, showed the spore number in 
the above crops did not vary to any significant level from one another. 
At site D, although the general trend was same as in others, the highest 
and lowest spore number were recorded in chilli and tomato. Maize showed the 
second highest number followed by cabbage, brinjal, pea and bean. 
The data provided in table 3, shows the spore number of Glomus 
fasciculatum (Fig. a) varied at different sites in relation to different crops. 
At site A, the highest spore number was obtained in brinjal fields 
followed by bean and chilli. Tomato fields recorded lowest number of spores. 
The spore number collected in cabbage fields showed a close proximity to 
maize as well as pea. Site A showed minimum spore number as compared to 
other three sites. 
At site B, the highest number of spores were recorded in cabbage. At 
this site the spore number oi G. fasciculatum in crops like chilli, pea and brinjal 
was significantly higher than others. While tomato, maize and bean showed 
lesser number of spores as compared to other crops. 
At site C, the highest number of spore were found in bean field followed 
by pea, cabbage, chilli and maize and were statistically significant to each 
other. Tomato and brinjal showed lesser number of spores as compared to other 
crops. 
At site D, the highest number of spores were recorded for chilli field 
followed by maize, cabbage, pea, tomato and brinjal fields. Bean field showed 
lowest spore number. 
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Fig. a. Showing the slide of Glomus fascicuJaium 
The table 4 shows the spore population of Glomus mosseae (Fig. b) at 
different sites under different crop cultivation. 
At site A, the lowest number of spores were obtained under maize 
cultivation and the highest were obtained under cabbage cultivation followed 
by chilli and pea. At this site tomato, brinjal and bean were close to each other. 
At site B, the highest number of spores were recorded in brinjal 
followed by chilli and the lowest number was recorded in pea. At this site 
maize and cabbage recorded similar spore number followed by bean. 
At site C, the highest number of spores was obtained under chilli 
cultivation followed by tomato and brinjal. At this site cabbage, maize and 
bean were significant to each other. Pea showed the lowest number of spores. 
At site D, the lowest number of spores were recorded under maize 
cultivation and the highest number were under brinjal cultivation followed by 
chilli, cabbage, pea, tomato and bean. 
The data in table 5, shows the level of spore occurrence of Glomus 
etunicatum (Fig. c) in different crop fields. 
At site A, the highest recovery of spores was recorded fi-om pea field 
while bean recorded lowest number. Under chilli, cabbage and brinjal 
cultivation, the spore number remained almost at par to each other followed by 
maize. 
At site B, the highest number of spores were recovered from chilli field 
and the lowest number were obtained from maize field. The second highest 
spore number was recorded under bean cultivation followed by tomato, brinjal, 
pea and cabbage. 
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Fig.b. Showing the Slide of Glomus mosseae 
Fig. c. Showing the Slide of Glomus etunicatum 
At site C, the lowest number of spores were recorded under chilli 
cultivation. Maize showed the highest spore number followed by cabbage, 
tomato, pea and bean. No spores of G. etunicatum were recorded from brinjal 
field. 
At site D, the highest number of spores were found under bean 
cultivation which was followed by pea, maize, tomato, cabbage and brinjal 
with minor variations. The lowest number of spore were recovered from chilli 
field. 
Table 6 gives the data of spore population of Glomus constrictum (Fig. d) 
at different sites under different crops. 
At site A, the highest number of spores were obtained from maize field 
followed by pea, cabbage, tomato and bean. Chilli recorded the lowest number 
of spores. While no spore was recovered from brinjal field. 
At site B, tomato field recorded the highest number of spores and 
cabbage cultivation recorded the lowest. Second highest number of spores were 
found under bean cultivation followed by maize, brinjal and pea. No spore was 
recorded under chilli cuUivation. 
At site C, the spore number happened to be the least under tomato 
cultivation. The highest number of spores were obtained under brinjal followed 
by cabbage, pea, maize and chilli. Bean fields did not record any spore. 
At site D, the highest spore number was recorded under tomato 
cultivation which is followed by pea, chilli, brinjal and cabbage. The least 
number of spores were obtained under bean cultivation. However, no spore was 
recovered from maize field. 
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Fig. d. Showing the Slide of Glomus constrictum 
Fig. e. Showing the Slide of Glomus macrocarpum 
Table 7 shows spore population of Glomus macrocarpum (Fig. e) at 
different sites under different crops. 
At site A, the highest number of spores were recorded under tomato 
cultivation followed by pea and maize while the lowest number was obtained 
from bean field. No spores were obtained under brinjal, chilli and cabbage 
cultivations. 
At site B, the highest number of spores were recorded under bean 
cultivation, followed by maize, chilli, pea and cabbage and were statistically 
significant to each other. No spore was recovered from tomato field. 
At site C, chilli yielded the highest number of spores while the lowest 
number was found under bean cultivation. Maize recorded the second highest 
spore number followed by brinjal, pea and cabbage. In tomato field no spore of 
G. macrocarpum was observed. 
At site D, the highest number of spores were obtained under maize 
cultivation. Pea recorded the lowest spore number. At this site bean and chilli 
spore numbers were significant than others. No spore was recovered from 
tomato and cabbage fields. 
The table 8 shows the number of spores of Gigaspora gigantea (Fig. f) 
at different sites under different crops. 
At site A, the highest number of spores were recorded under tomato 
cultivation followed by cabbage and pea. Chilli recorded lowest number of 
spores. No spores were obtained under brinjal, bean and maize cuhivation. 
At site B, highest number of spores were recorded under maize 
cultivation followed by pea, cabbage and brinjal. Chilli crop resulted lowest 
number of spores while no spore was recovered from tomato and bean fields. 
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Fig. f. Showing the Slide of Gigaspora gigantea 
At site C, the highest number of spores were recorded under brinjal 
cultivation followed by tomato, pea and bean. Cabbage showed lowest spore 
number. Maize and chilli did not record any spore. 
At site D, the highest spores were obtained under maize cultivation 
followed by bean and chilli. Least spores were recovered from pea field and no 
spores were obtained from brinjal, tomato and cabbage field. The total spore 
number of Gigaspora gigantea was quite less at all the four sites as compared 
to other species. 
Table 9 shows, the per cent colonization of AM fungi at different sites 
under different crops. A glance at the data clearly indicates that the percentage 
colonization occurred to the maximum extent under chilli cultivation in all the 
sites yielding an average of 84%. In cabbage, the colonization percentage 
recorded at second highest level in all the four sites with an average of 80.75% 
followed by brinjal with an average of 75.25%. Almost similar percentage of 
colonization was recorded from maize, tomato and pea. In bean per cent 
colonization happened to be lowest with an average of 67.75%. The per cent 
colonization in different crops followed the following descending order viz. 
chilli, cabbage, brinjal, maize, tomato, pea and bean. It was also evident from 
the data given in table 9, that the per cent colonization differ widely at different 




The occurrence of AM fungi in relation to soil characteristics has been 
studied by a number of workers in the past (Rovira et al., 1983; Abott and 
Robson, 1985; Meyer and Linderman, 1986; Muthukumar, 1996; Bharadwaj et 
al, 1997, Siddiqui and Mahmood, 1998). 
The results obtained in the present study show that all the crops 
investigated are mycorrhizal in nature, as reported by Mosse (1976) and all the 
crops are colonized by AM fungi to a great extent (Tables 2-8). It is evident 
further from the data that although the total number of spores happened to be 
highest under chilli cultivation, the detailed analysis of spore number of the 
individual AM fungal species clearly indicates that they have their own 
preference to the crop and none of the species investigated has any specificity 
to any particular crop. The present findings do not, therefore, go in agreement 
with that of earlier workers who reported a clear specificity of 
mycorrhizospheric microorganisms with particular crops (Rambelli, 1973; 
Ames et al., 1984; Paulitz and Linderman, 1989, Linderman and Paulitz, 1990). 
In the present investigation it has been observed that all the crops 
investigated are colonized by the different species of AM fungi extensively 
showing the direct relationship with spore number prevailing at the site. The 
data obtained in the present study further indicates that the AM fungal species 
prefer chilli and cabbage to a greater extent compared to other crops 
investigated. 
A multiple infection has been observed at all the four sites in the present 
study. Diversity of spore types has been found to be very high and AM fungal 
chlamydospores are quite common in all the samples. Results of similar kind 
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have been reported by Khalil et al. (1992), Mosse (1973) and Hayman and 
Stovold (1979). Padmavathi et al. (1991) have also come across spores of 
different AM fiingi occurring often in agricultural soils and they also found that 
Glomus to be predominant genus among the AM fungi. In the present study, 
the spores of two genera of AM fungi Glomus and Gigaspora have been found 
predominant in all the samples collected from all sites. It has been further 
found that colonization varies to different levels in the different sites. A similar 
result has been reported by Sulochana and Monoharachary (1990), Pang and 
Shen (1990), Blaszkowski (1993). Muthukumar et al. (1996) have come across 
varying degrees of colonization and sporulation of the symbionts receiving 
similar environment may be attributed to the specificity of the symbiont to the 
crop (Mosse, 1973; Krucklemann, 1975). 
It has been reported that availability of the substrate in root and the 
various soil factors affected the production of external hyphae. The complex 
environmental factors, seasonal fluctuations, agricultural practices and their 
soil microflora may also mfluence the development of mycorrhizal fiingi 
(Schwab et a/., 1983; Abott and Robson, 1985). 
AM fiingi are wide spread in occurrence and due to their potential for 
crop improvement they have been investigated extensively (Mukerji, 1995; 
Mukerji and Dixon, 1992; Powell and Bagyaraj, 1982). Natural occurence and 
predominance of Glomus and Gigaspora in the cultivated soils at all the four 
sites indicates that there is a need of maintaining them in cultivated soils 




SECTION - II 
COMPARATIVE EFFICACY OF DIFFERENT ARBUSCULAR-
MYCORRHIZAL FUNGAL SPP. (AMF) ON TOMATO 
{LYCOPERSICON ESCULENTUM MILL.) 
INTRODUCTION 
Arbuscular mycorrhizal (AM) association is known to improve plant 
growth through better uptake of nutrients and increased resistance or tolerance 
to drought and root pathogens in many species of leguminous and other crop 
plants (Singh, 1994; Mosse, 1973). AM fungi vary in their physiological 
interaction with different hosts and hence, in their effect on plant growth. 
Species and strams of AM fungi have been shown to differ in the extent to 
which they increase nutrient uptake and plant growth (Powell et al, 1980J. 
These observations have led to introduction of the term "efficient" or effective 
strains (Abbot and Robson, 1981). Generally those fungi that infest and 
colonize the root system more rapidly are considered to be "efficient" strain 
(Munns and Moose, 1980). The usefulness of mycorrhizae is especially 
appropriate in the development of sustainable system of agriculture (Mosse, 
1986), so as to produce desirable effect of improving plant growth and 
inducing resistance to pathogen in given environmental conditions (Bali et al, 
1987). Tomato is one of the important vegetable plants, used in different 
forms viz., juice, paste, ketchup, soup and powder. The information to select 
efficient AM fungi for inoculating tomato (var. Pusa Ruby) to achieve better 
growth and drought resistance is still meagre. Hence, there is need to identify 
specific host endomycorrhizal association and to define conditions under 
which these association function efficiently. The present study is a step in this 
direction to identify the efficient AM fungi for tomato crop. 
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MATERIALS AND METHODS 
Starter culture of AM fungus (inoculum production) 
Collection of soil sample. 
Morphologically different types of spores recovered from the 
rhizosphere soils were collected separately. In order to collect spores of AM 
fungi from each sites, fifty soil samples were collected from the crop fields 
with the help of soil auger upto a depth of 15 cm from the rhizosphere of the 
plants. 
Isolation of spores'. 
Spores of AM fungi present in the soil samples were isolated by wet 
sieving and decanting method described by Gerdemann and Nicolson (1963). 
Samples of 100 g dry soil was taken in 1000 ml of water thoroughly shaked 
and left for a minute to settle down the heavier particles. The soil solution was 
passed through coarse sieve first and then decanted on to a series of sieves of 
varied size i.e. 80, 150, 250 and 300 mesh. The spores obtained on sieves were 
collected with water in separate beakers. The spore suspensions were 
repeatedly washed by Ringers' solution (NaCl 6g 1'', KCl 0.1 g 1'^  and CaCl2 
0.1 g r ' in distilled water of pH 7.4) in order to remove the adhered soil 
particles from the spores. The following species were found to be of common 








All the above mentioned species were evaluated for their potential as 
effective AM inoculant for tomato (var. Pusa Ruby). The spores of AM fungi 
were identified under a dissecting microscope with the help of the synoptic 
keys suggested by Trappe (1982). The spores of AM fungal species were 
separated by picking and used for pot culture. Spores were separated with a 
microspatula and picked up by a Pasteur pipette fitted with a rubber bulb. 
These tools were surface sterilized for 2 minutes in a solution containing 
chloroamine T 20 g/1, streptomycin 300 mg/1 and Tween 80 in trace amount/1 
of distilled water. 
Maintenance of AM fungi culture: 
Pure cultures of six AM fungi viz., Glomus fasciculatum, Glomus 
mosseae, Glomus etunicatum, Glomus constrictum, Glomus macrocarpum, 
Gigaspora gigantea collected during the survey (Section-I) were raised on 
Rhode's grass (Chloris gayana Kunth) grown in pots under glasshouse 
conditions. To raise Rhode's grass, seeds were surface sterilized with 0.1 per 
cent solution of HgCl2 and sown (5 seeds per pot) in 9 cm clay pots, containing 
sterilized soil (66% sand, 24% silt, 8% clay, OM 2%, pH 7.5). Fifty spores of 
each AM fungal species per pot were layered at 6 and 2 cm depth in 50 clay 
pots. After emergence, seedlings were thinned and one seedling was 
maintained in each pot. After 125 days, the plants were uprooted and the spores 
were isolated by wet sieving and decanting method from the pot soil and the 
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roots were stained and examined for the AM colonization. The spores, hyphal 
fragments and small plant root segments were then used for further 
experiments. The population of different AM fungi in the inoculum was 
assessed by the most probable number method (Porter, 1979). 
Inoculation of AM fungus: 
In order to select efficient AM inoculant for tomato, the AM fungi 
recovered from agricultural fields were evaluated for their efficiency in 
improving the performance of the crop (tomato var. Pusa Ruby). The following 
AM fungi were used in this experiment Glomus fasciculatum, G. mosseae, G. 
etunicatum, G. constrictum, Glomus macrocarpum and Gigaspora gigantea. 
Seedlings of tomato (Lycopersicon esculentum Mill.) cv. Pusa Ruby 
were raised in clay pots (25 cm diam.) from seeds surface sterilized with 
0.01% mercuric chloride. The surface sterilized seeds were sown in the pots 
filled with autoclaved sandy loam soil (66% sand, 24% silt, 8% clay, 2%0M, 
pH 7.7) and one-week-old seedling were transplanted in 15 cm pots. In each 
pot filled with 920 g sterilized soil; 80g soil with AM inoculum was added later 
to make the amount of soil 1 kg/pot. Before transplantation of seedlings, the 
mycorrhizal inoculum of different AM fungi was separately placed below the 
seedling by the layering method (Menge etal., 1977). The inoculum was spread 
as a layer at a depth of 3-5 cm in the pot at the time of planting. The seedlings 
were recovered with a layer of soil to ensure the development of an efficient 
host fungus association. The inoculum consisted of a mixture of infected root 
segments and soil with extramatrical hyphae and spores (1000 spores/pot) fi:om 
cultures of different AM fungi maintained on Rhode's grass, as described 
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earlier. For each treatment 15 replicates were maintained. A control series was 
also maintained where no inoculum of AM fungi was added to the soil. Pots 
were watered appropriately and maintained in a glass house bench with air 
temperature ranging from 30±2°C. 
The plants were examined 20, 40 and 60 days after the transplantation 
for determining the plant growth and mycorrhization of the plants. The samples 
of the roots and soil were processed as described earlier in Section 1. 
Mycorrhization was recorded in terms of mycorrhizal intensity in roots i.e., 
external colonization percentage, internal colonization percentage, per cent 
arbuscules, average number of chlamydospores in 1 cm root segment and 
number of spores recovered from 100 g dry rhizosphere soil. All the data 
related to growth of shoots and roots, root infection, spore population were 
analyzed statistically by the method of Panse and Sukhatme (1985). Minimum 
difference, required for significance (CD.) at 5% level was calculated by the 
ANOVA model. 
The performance of the crop raised with added inoculum of selected AM 
fungal species was compared with that of control and the AM fungus causing 
maximum improvement in the performance over control was selected as 
efficient AM inoculants for the tomato var, Pusa Ruby. 
Parameters studied: 
During experimentation the following parameters were determined for 
each treatment of the experiments at different growth periods. 
Shoot and root lengths 
50 
Fresh and dry weights of shoot and root 
Mycorrhization in terms of: 
External and internal colonization percentage, per cent arbuscules, number of 
spores recovered from 100 g dry rhizosphere soil. 
Plant growth parameters: 
Length, fresh weight as well as dry weight of shoots and roots at 
different stages of growth were recorded for each treatment. Plants of each 
treatment were taken out from the pots and soil particles adhering to roots were 
removed by washing in tap water and properly labelled. In the laboratory, 
lengths and fresh weights of shoot and root were measured. For determining 
dry weights of root and shoot, plants from each treatment were wrapped in 
blotting paper sheets, labelled and dried in a hot air oven running at 60°C for 
24-48 h till a constant weight is obtained. 
Root colonization and spore estimation: 
At the termination of the experiments root colonization in term of 
percentage external and internal colonization; per cent arbuscules, estimation of 
spores (in 100 g rhizosphere soil) in the same soil samples were used for 




The effect of different AM fungi at the different intervals on plant length 
was examined in terms of shoot, root and total length of tomato plants (Table 
10). Shoot length increased as the time intervals after inoculation increased 
from 20 to 60 days. Plants treated with Glomus fasciculatum showed maximum 
enhancement in shoot length at each growth interval, compared to control and 
other AM species inoculated. Shoot lengths of plants inoculated with Glomus 
constrictum, G. mosseae and G. etunicatum were significant at each interval, 
compared to control. However, G. macrocarpum and Gigaspora gigantea did 
not differ significantly from control at 20 and 40 days intervals. 
As compared to the uninoculated control, G. fasciculatum, G. mosseae 
and G. constrictum resulted significantly higher root length, at all the growth 
intervals. Treatment of G. fasciculatum caused maximum increase in root 
length at 40 and 60 days intervals but to a lesser extent at 20 days interval, 
compared to plants inoculated with G. constrictum and G. mosseae. Inoculation 
of G. etunicatum, G. macrocarpum and Gigaspora gigantea failed to cause 
significant increase in root length at 20 and 40 days intervals. 
Maximum improvement in total plant length was observed in plants 
inoculated with G. fasciculatum at all the growth intervals. G. etunicatum and 
G. macrocarpum caused satisfactory increase in total plant length, but was 
lesser than that caused by G. constrictum and G. mosseae. Total length of plant 
treated with Gigaspora gigantea did not differ significantly from control at 20 
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The highest percentage of growth promotion was recorded in case of G. 
fasciculatum followed by G. constrictum and G. mosseae at all the growth 
intervals. 
Plant fresh weight 
Inoculation of plants with different AM species caused a significant 
increase in shoot fresh weight as compared to uninoculated control (Table 11). 
Highest increase in shoot fresh weight was caused by G. fasciculatum at all the 
groAvth intervals. Inoculation with Glomus constrictum and G. mosseae also 
caused significant promotion of shoot fresh weight, at all the intervals, as 
compared to G. macrocarpum, G. etunicatum, Gigaspora gigantea and 
uninoculated control. Gigaspora gigantea inoculated plants yielded 
significantly higher shoot fresh weight at 60 days interval than uninoculated 
plants. 
Highest root fresh weight at 40 and 60 days intervals was observed in 
plants inoculated with G. fasciculatum, but at 20 days interval G. constrictum 
and G. mosseae caused maximum increase in root fresh weight. However, 
inoculation with G. etunicatum, G. macrocarpum and Gigaspora gigantea 
failed to cause any significant improvement than the uninoculated control. 
Tomato plants inoculated with G. fasciculatum, G. constrictum and G. 
mosseae showed significant increase in total fresh weight at all the growth 
intervals, as compared to other AM species and uninoculated control. However, 
G. fasciculatum inoculation caused maximum enhancement at all the stages of 
growth. Plants inoculated with G. etunicatum and G. macrocarpum yielded 
almost similar total fresh weight at 20 days interval, but at 40 and 60 days 
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G. etunicatum. Gigaspora gigantea failed to cause significant improvement in 
total plant fresh weight at all the growth intervals, as compared to uninoculated 
control. 
Inoculation of G. fasciculatum resulted highest increase in total fresh 
weight percentage of the plant at all the growth intervals. 
Plant dry weight 
G. fasciculatum inoculation resulted significantly superior shoot dry 
weight at all the growth intervals than other five AM fungi and uninoculated 
control. Treatment of plants with G. constrictum and G. mosseae also caused 
significant enhancement in shoot dry weight at all the intervals. At 40 and 60 
days growth intervals G. macrocarpum was more effective in promoting shoot 
dry weight than G. etunicatum. Shoot dry weight of plants inoculated with G. 
gigantea was not significant at any grov^h interval. 
As in other cases, G. fasciculatum supported significantly higher root 
dry weight at 40 and 60 days intervals, but to a lesser extent at 20 days interval 
compared to G. constrictum and G. mosseae. Plants treated with G. constrictum 
and G. mosseae yielded significant root dry weight at all the growth intervals. 
At 40 and 60 days intervals G. macrocarpum caused higher increase in root dry 
weight than G. etunicatum. The root dry weight supported by Gigaspora 
gigantea did not vary to any significant level from control. 
The total dry weight of tomato plants inoculated with G. fasciculatum 
proved to be significantly high at all the growth intervals compared to other 
treatments. Plants inoculated with G. constrictum resulted significantly high 
dry weight over that of G. mosseae at all the growth intervals followed by G. 
macrocarpum and G. etunicatum. While plants inoculated with Gigaspora 
gigantea yielded lowest dry weight. 
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Inoculation of G. fasciculatum caused highest increase in total dry 
weight percentage of the plant at all the growth intervals. 
Mycorrhization 
The mycorrhization of AM fungi was estimated by using four 
parameters as given in (Table 13). 
The value for almost all the parameters in plants inoculated with G. 
fasciculatum was higher than all other treatments. The values of 
mycorrhization in case of Gigaspora gigantean were lesser than the other AM 
fungi. The highest percentage of external colonization (79.2%), internal 
colonization (67.2%), arbuscules (54.2%) was recorded in plants treated with 
G. fasciculatum which was followed by G. constrictum (68.8%), (52%) and 
(46.8%) at 60 days interval. Glomus fasciculatum inoculated plants also 
resulted highest spore population in 100 g soil/pot (321, 337 and 910) 
compared to other five AM fungi at all the three growth intervals. 
Discussion 
The usefulness of AM fungi is demonstrated by the enhanced value of 
plant growth parameters. Enhanced plant grov^h and yield resulting from the 
use of AM fungi has been reported by many workers (Jothi and Sundarababu, 
2000; Gerdemann, 1968; Tinker, 1975; Raju et al., 1990). Fresh and dry 
weights of AM fungi inoculated plants were observed higher, compared to the 
control. Enhanced root and shoot dry weights in mycorrhizal plants have been 
reported by many workers (Reddy and Bagyaraj, 1990; Manjunath and 
Bagyaraj, 1984; Ramraj and Shanmugam, 1990). AM fungi differ considerably 
in their ability to promote plant growth. Various workers have reported similar 
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and Brown, 1980; Krishna and Dart, 1984). Better plant growth in AM infected 
plants could be due to enhanced nutrient contents of the plant. Enhanced 
absorption and accumulation of several nutrients such as N, P, K, Zn, Mn, Fe, 
Ca and S in mycorrhizal plants has been reported by many workers (Bowen et 
al, 1975; Powell, 1975; Selvaraj et al., 1986, Dhillon, 1992). AM fungi also 
enhance the concentration of different organic compounds in roots and can 
improve the productivity of host plants (Selvaraj et al., 1995). 
Bagyaraj et al. (1989) reported that different strains of AM fungi differ 
in their capability to increase nutrient uptake and plant growth therefore there is 
a need for selecting efficient ones. Differential ability of AM fungi in 
promoting plant growth has been reported by many other workers (Haripriya 
and Sekharan, 2002; Estaum et al., 2003). Glomus fasciculatum was found to 
be the most effective AM fungus in enhancing the growth of tomato var. Pusa 
Ruby under glass house conditions. Sundaram and Arangarasum (1995) also 
reported that out of four cultures of AM fungi. Glomus fasciculatum gave the 
highest fruit yield in tomato plants. Ramraj and Sharmiugam (1990) have come 
across G. etunicatum to be more effective in increasing the shoot dry weight of 
cowpea. A significant response of soyabean to AM fimgi in phosphorus 
deficient soil has been reported by Raverkar and Tilak (1988) and Ross (1970). 
Similar results have been obtained in cassava by Sulochana et al. (1995) and in 
chickpea by Singh and Verma (1987) where G. fasciculatum and G. etunicatum 
proved to be the most effective ©nes in their respective crops. G. fasciculatum 
inoculated plants showed higher values of mycorrhization parameters 
compared to other AM species. Similar results, showing differential 
colonization of the same host by different species, have been reported by 
Haripriya and Sriramachandrasekharan (2002). 
In the present study, it has been found that G. fasciculatum supports the 
highest plant growth in terms of length and biomass of plants at maturity. 
Biomass production, mycorrhizal colonization and sporulation have also been 
found to be significantly high in the G. fasciculatum inoculated plants 
compared to all other five AM species. It could be, therefore designated as the 




SECTION - III 
EFFECT OF AM FUNGUS, GLOMUS FASCICULATUM AND 
ROOT-KNOT NEAMTOBE, MELOIDOGYNE INCOGNITA ON 
GROWTH AND DEVELOPMENT OF TOMATO 
INTRODUCTION 
The arbuscular mycorrhizal fungi (AMF) are associated with ail the 
cultivated crop plants and can significantly increase the nutrient uptake 
(Hayman, 1982, Mosse, 1975). AMF and plant parasitic nematodes occur 
together in the rhizosphere of the plants in association with the same root tissue 
for their growth and development and while doing so they exert a characteristic 
but opposite effect on plants. The interaction between AM fungi and plant 
parasitic nematodes has been studied by several workers (Schenck and Kellam, 
1978; Bagyaraj et al, 1979., Sikora, 1981; Hussey and Roncadori, 1982; 
Mishra and Shukia, 1997; Edathil et al, 1996; Elsheikh and Mirghani, 1997; 
Mamatha and Bagyaraj, 2002; Elsen et al., 2003; Shreenivasa et al, 2007), 
Concomitant colonization and infection of roots by mycorrhizal fungi, 
pathogens and other microbes inevitably interfere with each other's activities 
(Linderman, 1985). Several studies on interaction have shown that AM fungi 
associations generally induce tolerance to nematode susceptible plants (Heald 
et al, 1989; Cooper and Grandison, 1987a; Lingaraju and Goswami, 1993) and 
mitigate the adverse effects of plant parasitic nematodes on plant growth 
(Sikora, 1979; Jain and Sethi, 1987). Fox and Spasoff (1972) demonstrated that 
as little as 10 spores/pot oiGigaspora gigantea suppressed the reproduction of 
Heterodera solanacearum on tobacco. Pratylenchus brachyrus levels on cotton 
were reduced with 250 spores/pot (Hussey and Ronchdori, 1982). Schenck and 
Kellam (1978) obtained reduction in the number of galls of Meloidogyne 
incognita on soybean with 25 spores of Glomus macrocarpus var. 
macrocarpus. Similarly population of Rotylenchulus reniformis reduced by 150 
chlamydospores and egg masses and the adult females of M incognita with 
300 chlamydospores of Glomus fasciculatum on tomato and cotton respectively 
(Sitaramaiah and Sikora, 1982, 1996; Kantharaju, 2005; Neog et al, lOQl; 
Zhang et al, 2008). In the present study, glasshouse experiment was designed 
to find out the individual and concomitant effects of Glomus mosseae and 
Meloidogyne incognita on the growth of tomato plants and their population 
dynamics. 
MATERIALS AND METHODS 
Plant culture: 
Seedlings of tomato cv. Pusa Ruby were raised in clay pots (30cm 
diam.) from seeds surface sterilized with 0.01 % mercuric chloride. The surface 
sterilized seeds were sown in the pots filled with autoclaved sandy loam soil 
(66% sand, 24% silt, 8% clay and 2% OM) of pH 7.7. 
Root-knot nematode culture: 
In this study root-knot nematode, Meloidogyne incognita (Kofoid and 
White) Chitwood, one of the commonest root-knot nematode species in the 
area, was used. Field populations of M. incognita were collected from tomato 
and egg plant, (Solanum melogena L.), species of root-knot nematode infecting 
roots of tomato or egg plant in fields were tentatively identified on the basis of 
the characteristics of perineal patterns of the females. Roots infected with M 
incognita were chopped and added to the pots containing sterilized field soil 
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and the tomato plants raised earlier as mentioned above (3 weeks-old) were 
transplanted. After 50 days, single egg mass culture of the nematode was 
established. Seedlings of tomato plants were transplanted in clay pots (30 cm 
diam.) containing autoclaved soil. Single egg mass of the nematode M. 
incognita obtained Irom the roots of the plants was added in each pot near the 
roots of the seedlings. The pots were kept in glasshouse at 27°C (+2°C). 
Subculturing was done approximately at every 3 months by inoculating new 
tomato seedlings with at least 15 egg masses, each obtained from a single egg 
mass culture in order to maintain sufficient inoculum for fiirther experimental 
studies. 
Identification of the root-knot nematode: 
The identity of the root-knot nematode was confirmed by studying the 
characteristics of perineal patterns of females and conducting North Carolina 
differential host test (Eisenback et al, 1981; Taylor and Sasser, 1978; Hartman 
and Sasser, 1985). Fifteen perineal patterns of females of each single egg mass 
population were prepared and their characteristics were examined in. order to 
identify the species (Eisenback et al, 1981). 
For North Carolina differential host test (Taylor and Sasser, 1978, 
Hartman and Sasser, 1985) seedlings of tomato cv. Rutgers, tobacco cv. NC95, 
pepper cv. California Wonder, peanut cv. Flonmner, watermelon cv. 
Charleston Grey and cotton cv. Deltapine-61 were grown in clay pots (one 
seedling/pot) having sterilized soil in triplicate. Two additional replicates of 
tomato were included to determine the time of termination of the test. 
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After determining the number of second stage juveniles (12) per ml, 
plants in each pot were inoculated with 5000 h- Juveniles were added to a 
depression made in the soil at the time of transplanting. Inoculated plants were 
kept at glasshouse at 27-30°C. Fifty to sixty days after inoculation, roots were 
harvested and thoroughly washed with tap water and examined for the presence 
of galls. Roots with very high infection were stained with Phloxin B to 
determine the number of egg masses. Number of galls and egg masses were 
counted and GI and EMI were rated on 0-5 scale; 
0 = 0 
1 - 1-2 
2 = 3-10 
3 = 11-30 
4 = 31-100 and 
5 = more than 100 galls or egg masses per root system (Taylor and 
Sasser, 1978) 
After the rating of root system, results were compared with the 
differential host test reaction chart (Table 14). This confirmed the identity of 
the race of the species determined by the perineal pattern method. 
Preparation of inoculum and inoculation: 
Second stage juveniles (J2) of the nematode were used as inoculum in 
the study. Second stage juveniles were obtained by incubating egg masses 
collected from the roots of tomato plants maintaining single egg mass culture 
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layered tissue paper and placed on Baerman funnel containing water. The 
sieves were then placed in an incubator (temp 25°C). After 72h, number of 
hatched juveniles (J2) were collected in a beaker and number of juveniles per 
ml was standardized by counting the juveniles from ten, 1 ml samples. Average 
number of juveniles was then calculated to represent the number of juveniles 
per ml of the suspension. 
For inoculation, the suspension containing J2 was taken in micropipette 
controller and added near the roots of the seedlings. The holes were covered 
with soil after inoculation. Nematode inoculation density consisted of uniform 
quantity of suspension containing either 0, 150, 300, 600, 1200, 2400 and 4800 
freshly hatched second stage juveniles (J2)/pot. 
Preparation of inoculum of the AM fungus: 
Glomus fasciculatum (Nicol & Gerd) Gerdemann & Trappe, inoculum 
was maintained and multiplied on Rhodes grass (Chloris gayana) as in 
section II. 
Inoculation 
For inoculation, inoculum of G. fasciculatum for each pot consisted of 
uniform quantity of suspension containing 0, 50, 100, 200, 400 and 800 
chlamydspores which were retrieved from the soil using wet-sieving and 
decanting technique (Gerdemann and Nicolson, 1963) and were placed just 3 
cm below the soil surface. 
Six levels oiG. fasciculatum and seven levels of Meloidogyne incognita 
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(Table 15). The chlamydospores number as given constituted the levels of G. 
fasciculatum (designed as GFo, GFi, GF2, GF3, GF4 and GF5). Similarly freshly 
hatched second stage juveniles numbering as above constituted M. incognita 
levels (designated as MIo, MIi, MI2, MI3, MI4, MI5 and MIe). The treatments 
were replicated five times, arranged in a completely randomized block design 
and maintained in a glasshouse at 28-35°C. The plants were harvested at 60 
days after inoculation and all the parameters studied in section II were studied 
along with the following additional parameters viz., nematode population (both 
in soil and root), number of galls/root system, number of egg masses/root 
system, number of eggs/egg mass (Fecundity). Data were analysed statistically 
using analysis of variance in factorial design as mentioned by Fisher (1950) 
and CD. was calculated at P = 0.05. 
Plant growth: 
Plant growth parameters and chemical parameters were studied by the 
methods mentioned in section II. 
Galls and egg masses: 
At termination of the experiment, roots of harvested plants were washed 
under the tap and examined for the presence of galls. Number of galls per root 
system was counted. Roots were immersed in a aqueous solution of Phloxin B 
(0.15 g/lit tap water) for 15 minutes to stain the egg masses. Egg masses per 
root system were counted (Taylor and Sasser, 1978). 
Fecundity: 
The number of eggs per egg mass is known as fecundity. It was 
measured by shaking vigorously 10 egg masses in 5.25 % NaOCl solution. The 
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eggs were separated from egg mass and collected over 500 mesh sieve. From 
the sieve, eggs were transferred into a beaker and 0.35% acid fuchsin (in 25% 
lactic acid) was added into 20 to 25 ml of suspension with boiling for 1 minute 
for staining the eggs. After cooling, the eggs were counted and the eggs per 
egg mass were calculated to find out the fecundity. 
Nematode population: 
For estimating root population of nematodes (J2 + J3 + J4, mature 
females), root from each replicate was weighed and cut into 1 cm length. One 
gram of root pieces was stained with acid fuchsin and lactophenol (Byrd et al, 
1983). The root pieces were placed between two slides, examined under 
stereoscopic microscope and, number of J2 + J3 + J4 counted. Then total 
number of J2 + J3 + J4 for the whole root system of the replicate was calculated. 
For counting the number of females, 1 g of root pieces were transferred in 5% 
HNO3 and incubated at 25°C. After 72h root pieces were gently teased to 
release the females. The number of females/g of root was counted and total 
number of females for the whole root system was calculated (Hussey and 
Barker, 1973). The means of replicates were then calculated. 
The eggs were extracted from the roots of each treatment separately by 
Chlorox method of Hussey and Barker, (1973). Roots from each treatment 
were cut into l-2cm pieces. One gram of the root pieces were shaken 
vigorously in 200 ml of 1.0% NaOCl solution for 1 to 4 minutes. Then NaOCl 
solution was passed through a 200 mesh sieve, rested over a 500 mesh sieve to 
collect free eggs. After this 500 mesh sieve with eggs was placed under a 
stream of cold water to remove residual NaOCl (rinsed for several minutes). 
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The rinsed roots were put under water to remove additional eggs and were 
collected by sieving. The number of eggs was then counted in counting dish 
under stereoscopic microscope. The total number of eggs was calculated by 
multiplying the number with the fresh weight of the root in the treatment. Soil 
population (J2 + male) of the nematode was estimated by modified Cobb's 
sieving and decanting technique (Southey, 1986). 
Plant analysis: 
Plant samples of each treatment from the glasshouse experiment were 
processed for estimating phosphorus (P), nitrogen (N) and potassium (K) 
contents of shoots and roots. 
Estimation of nitrogen, phosphorus and potassium 
For estimation of nitrogen, phosphorus and potassium in plant materials 
(shoot + root) from each treatment, samples were digested in the following 
way. Estimations were done from the mixed powder of plants of various 
treatments, in a given experiment. Hundred mg of oven dried powder of the 
shoots and roots from each treatment was transferred separately in 50 ml 
Kjeldahl flask, then 2 ml of chemically pure H2SO4 was added and flask was 
heated on Kjeldahl assembly for about 2 h till dense fimies were given off and 
the contents turned black. Then 0.5ml of pure 30% H2O2 was added after 15 
min. of cooling. Heating was continued till the colour changed to light yellow. 
Extract was heated again for half an hour and cooled for 10 min. for getting it 
clear and then 3-4 drops of 30% H2O2 was added drop wise followed by 
heating for 15 minutes. After that, the digested material was fransferred in 100 
ml volumetric flasks with 3-4 washings and volume was made upto capacity. 
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This digested material was used for estimating N, P and K, (Linder, 1944; 
Lundegardh, 1951). 
Nitrogen 
Prior to estimating nitrogen present in the digested plant material, 
standard curve was prepared by the following method. 
Nitrogen standard curve 
Different dilutions in 10 test tubes (0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7. 0.8, 
0.9 and 1.0 ml) were made from the solution prepared by dissolving 0.236g of 
ammonium sulphate in 100 ml of distilled water. The volume was then made 
upto 5 ml in each test tube by adding distilled water. A control was also run 
side by side. After that 0.5 ml Nesseler's reagent was added followed by 5 ml 
of distilled water. Per cent transmittance was read at 525nm from 
spectrophotometer on developing yellow orange colour after half an hour. 
Then a curve was drawn between concentration in X axis and O.D. obtained in 
Y axis. 
Estimation of N in plant material 
An aliquot of 10 ml was transferred to 100 ml volumetric flask to which 
1ml of 2.5N NaOH was added so as to neutralize the excess of acid. 10% 
sodium silicate was added to prevent turbidity. The volume was made upto 
capacity. 5 ml of aliquot was taken in three test tubes followed by the addition 
of 0.5 ml of Nesseler's reagent with shaking. Then 10 ml volume was made by 
adding distilled water. After waiting for 5 min, the per cent transmittance was 
read at 525 nm. The concentration was read with the help of 0.0 from standard 
curve (Linder, 1944). 
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Phosphorus standard curve 
Different dilutions of potassium dihydrogen orthophosphate (KH2PO4) 
viz., 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0 ml concentrations were 
taken into separate test tubes and final volume was made upto 5 ml by adding 
required amount of distilled water. One ml of ammonium molybdic acid and 
0.4 ml of 1-amino 2-nepthol 4-sulphonic acid were added in each test tube and 
the volume was made upto 10 ml with distilled water. After half an hour, the 
per cent transmittance was read at 625nm. Standard curve was drawn between 
concentration and O.D. in X and Y axis respectively. 
Estimation ofP in plant materials 
Five ml of aliquot of digested plant material was taken in three test 
tubes, to which 5 ml of distilled water was added. After that 1 ml of 
ammonium molybdic acid was added, with shaking, followed by addition of 
0.4 ml of 1-amino 2-nepthol 4-sulphonic acid and the volume was made up to 
10 ml. The control was run side by side and per cent transmittance was read at 
625 nm after half an hour. The P concentrations in plant materials was 
calculated from the standard graph using O.D. (Fiske and Row, 1925). 
Potassium standard curve 
Potassium was estimated using flame photometer. Different dilutions of 
potassium chloride viz., 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10 ppm were prepared by 
dissolving 91 mg of oven dried KCl in 100 ml of distilled water and diluting 0, 
1, 2, 3, 4, 5, 6, 7, 8, 9 and 10 ml of the stock solution to 100 ml. The flame 
photometer was calibrated to zero using distilled water and to 100 using 10 
ppm KCl solution and readings for other standard solutions were taken. A 
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standard graph was drawn taking concentration in X axis and readings obtained 
from the flame photometer in Y axis. 
Estimation ofK in plant materials 
The digested plant materials were diluted with distilled water so as to 
maintain the K concentration in the final solution ranged between 2 to 8 ppm 
and the reading was taken in the flame photometer and with the help of the 




The individual and combined effect of root-knot nematode, Meloidogyne 
incognita and AM fungus Glomus fasciculatum on plant length of tomato was 
studied at different inoculum levels of the nematode (250, 500, 1000, 2000, 
4000 and 8000/ plant) and the mycorrhizal fimgal spores (150, 300, 600, 1200 
and 2400 spores/plant). The nematode caused adverse effect on length of the 
plants, while the AM fungus promoted it when inoculated individually. The 
adverse effect of the nematode was mitigated by the AM fungus in the 
concomitant inoculation (Table 16). The introduction of AM fungal spores 
reduced the deleterious effect of the nematode at all population levels studied 
from 250 to 8000 J2/plant, which was directly proportional to the AM fungal 
spores/plant. The reduction in plant length was found minimum (1.45%) in 
those plants inoculated with 250 nematodes, while the reduction was 30.72% at 
4000 Ji/plant. At the same levels of the nematode, the addition of AM spores 
(1200/plant), shoot lengths increased significantly by 37.39% and 29.86% as 
compared to control. Further addition of spores did not bring about any 
significant increase in shoot lengths. 
Similar trend was observed for root length and total plant length, the 
maximum reduction was observed at the inoculum level of 8000 juveniles, 
resulting the reduction of 24.86% in root length. This reduction was further 
checked by inoculation of 1200 spores/plant but on the other hand also 
improved the plant length. The same inoculum level of fungal spores reduced 
the impact of 8000 juveniles of M incognita inoculated plants. 
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Fable 16. Interactive effect of spore density of mycorrhizal fungus Glomus 
fasckulatnm and different inoculum levels of root-knot nematode Meloidogyne 
incognita on the length of tomato plants. 
Spore 
density 
(No./pot) Control 250 
Shoot length (cm) 
Nematode inoculum density (J2) 































































C.li. at 5% G. fasciculatum = 
Spore 
density 
(No./pot) Control 250 
= 1.32 M incognita = 1.22 Interaction = 3.23 
Root length (cm) 
Nematode inoculum density (J2) 



































































Total length (cm) 
Nematode inoculum density (J2) 































































CD. at 5% G. fasciculatum = 1.94 M incognita = 1.80 Interaction = NS 
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Plant fresh weight 
The results of interactive effects of M incognita and G. fasciculatum on 
the fresh weight of tomato plants are presented in table 17. Fresh weight of 
shoot gradually decreased with an increase in the number of second stage 
juveniles per plant. No significant reduction in fresh weight of shoot was 
observed at minimum inoculum level as compared to control, but it became 
significant when the nematode number was increased to higher inoculum 
levels. Maximum reduction in the fresh weight of shoot (28.34%) was noted at 
inoculum level of 8000 juveniles/plant. Effect of G. fasciculatum on the other 
hand, was found to be positive with the increasing number of spores, although 
it was not significant at 150 level. Highest improvement (59.51%) was 
recorded at 2400 inoculum level, but it did not vary significantly from that 
obtained at 1200 level. 
More or less similar trends were obtained with the fresh weight of root 
as well as the total fresh weight of the tomato plant. G. fasciculatum promoted 
the root as well as total fresh weight at all the spore levels i.e. from 150 to 
2400/plant, The root and total fresh weight were marginally reduced by M. 
incognita at minimum level and the reduction increased with higher inoculum 
levels. Maximum reduction was obtained with 8000 juveniles which was 
closely followed by that achieved at 4000 juveniles per plant. However, the 
introduction of AM ftmgus checked the adverse effect of M incognita in all the 
plants in concomitant inoculation and improved the plants fresh weight 
accordingly. ^V^*^^^* '^^*^^^^ 
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Fable 17. Interactive effect of spore density of mycorrhizal fungus Glomus 
fasciculatum and different inoculum levels of root-knot nematode 




Shoot fresh weight (g/plant) 
Nematode inoculum density (J2) 






















23.3 20.5 19.2 
24.3 22.2 21.3 
29.0 27.8 24.7 
31.8 31.6 29.4 
37.1 36.6 35.9 
38.2 37.0 36.5 
30.6 29.3 27.8 
17.9 17.7 21.1 
19.9 19.3 22.7 
22.5 21.3 26.6 
27.5 26.6 30.6 
35.4 35.2 36.7 
35.9 35.5 37.3 
26.5 25.9 




Root fresh weight (g/plant) 
Nematode inoculum density (J2) 



































































Total fresh weight (g/plant) 
Nematode inoculum density (J2) 











































22.4 22.0 27.1 
24.8 24.0 29.7 
29.1 27.3 34.9 
35.7 34.3 40.5 
46.1 45.6 48.6 
47.4 46.8 50.0 
34.2 33.3 
CD. at 5% G. fasciculatum = 1.33 M incognita = 1.24 Interaction = NS 
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Plant dry weight 
The data on shoot, root and total dry weights are presented in table 18. 
Inoculation of M. incognita caused significant reduction in the dry weights of 
tomato plants, however, the reduction was not significant at inoculum level of 
250 juveniles/plant, the higher inoculum levels caused significant reduction in 
dry weight. G. fasciculatum produced beneficial effect by promoting plants dry 
weights. Dry weights were significantly enhanced as the spore number 
increased from 150 to 2400. No significant difference was observed in those 
plants inoculated with 1200 and 2400 spores/plant. In the combined inoculated 
plants, the interactive effect was found to be consistent as it happened in case 
of other parameters already described in previous experiment. The maximum 
reduction in dry weights caused by M. incognita amounted to 36.89%, 46.12% 
and 65.69% respectively in shoot, root and total dry weights of tomato plants at 
the population levels of 8000 juveniles per plant. This reduction was totally 
overcome by the introduction of 2400 spores of G. fasciculatum per plant 
which resulted an improvement (68.93%, 63.47% and 67.3%) in case of shoot, 
root and total dry weights. 
Nutrient status 
The results presented in table 19 clearly reveal that root-knot nematode, 
M. incogntia significantly reduced the N, P and K contents of the plants at 
different inoculum levels, but this variation in nutrient contents was not found 
significant at minimum inoculum level (250 J2/plant). However, higher 
nematode inoculum caused significant reduction in the N, P and K contents of 
the plants with the maximum reductions 12.70%, 11.72% and 14.56% 
respectively occurring at 8000 inoculum level. Significant improvement in all 
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Table 18. Interactive effect of spore density of mycorrhizal fungus Glomus 
fasciculatum and different inoculum levels of root-knot nematode 
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;ht (g/plant) 



























































Interaction = 0.213 
Total dry weight (g/plant) 
















































CD. at 5% G. fasciculatum = 0.303 M. incognita = 0.281 Interaction = NS 
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I able 19. Interactive effect of spore density of mycorrhizal fiingus Glomus 
fasciculatum and different inoculum levels of root-knot nematode 
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G. fasciculatum = 
Potassium content 












































the three contents was observed when plants were inoculated with different 
number of spores of G. fasciculatum. Addition of 2400 spores/plant recorded 
highest improvements (24.34%, 34.47% and 41.14%) in N, P and K contents of 
tomato plants (Table 19). 
Mycorrhization 
The results presented in Table 20 clearly reveal the antagonistic effect of 
root-knot nematode (M incognita) against mycorrhization caused by G. 
fasciculatum in tomato. G. fasciculatum extensively colonized the tomato 
plants in the absence of M. incognita. The external colonization percentage 
increased significantly with the increasing number of spores/plant. In their 
concomitant inoculation, increasing inoculum density of the nematode 
proportionately affected the mycorrhization resulting an appreciable reduction 
in the external colonization. The colonization rate declined to 18.4% from 
28.5% at the spore level of 150/plant. When the nematode level was raised to 
8000 J2 from 250 J2 per plant. With the increasing spore concentration from 
150 to 2400/plant the per cent colonization increased to 66.1% at the level of 
250 J2. Similarly at all the levels of nematode inoculum density the raising 
concentration of spore/plant resulted higher percentage of external colonization 
(Table 20). 
The internal colonization, the development of arbuscules, the number of 
chlamydospores/cm root and the number of chlamydospores/100 g rhizosphere 
soil followed the same trend of results as that of external colonization (Table 
20). 
Root-knot development 
The positive effect oi G. fasciculatum on the growth and development of 
M incognita has been studied in terms of different parameters of root-knot 
82 
Fable 20. Interactive effect of spore density of mycorrhizal fungus Glomus 
fasciculatum and different inoculum levels of root-knot nematode 





External colonization (%) 
Nematode inoculum density (J2) 































































CD. at 5% G. fasciculatum = 
Spore 
density 
(No./pot) Control 250 
= 1.378 M. incognita = 1.275 Interaction = 3.375 
Internal colonization (%) 
Nematode inoculum density (J2) 



































































G. fasciculatum = 
Control 250 
=1.211 M. incognita = 1.122 
Per cent arbuscules 
Interaction -
Nematode inoculum density (J2) 






































































Number of chlamydospores /cm root 
Nematode inoculum density (J2) 



































































Number of chlamydospores /lOOg soil 
Nematode inoculum density (J2) 































































CD. at 5% G. fasciculatum 19.019 M. incognita - 17.608 Interaction = 46.586 
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development. Population of the nematode in soil increased significantly with 
the increase in number of inoculated juveniles. In concomitant inoculation, the 
nematode population decreased significantly as compared to control (Table 21). 
Root population of the nematode was suppressed significantly by G. 
fasciculatum. The reduction was directly proportionate to the spore 
concentration upto 1200 spore level, but at 2400 level there was no appreciable 
difference in the nematode population as compared to the one produced by 
1200 spore level. The root population of nematode in general, increased 
significantly with the increased number of inoculum level (Table 21). 
The number of egg masses per root system increased with increasing 
inoculum level of M incognita but decreased in all the treatments supplied 
with G. fasciculatum. Increasing spore concentration of G. fasciculatum 
significantly reduced the number of egg masses per root system.. The number 
of egg masses per root system as reduced with increasing spore concentration 
of G. fasciculatum. Higher inoculum level recorded the maximum reduction 
(Table 21). 
Fecundity of the nematode increased at different inoculum levels of M. 
incognita. Treatments with inoculum level of 4000 and 8000 J2/plant had 
significantly more eggs/egg mass than other inoculum levels. Fecundity was 
reduced at different spore levels of G. fasciculatum. Inoculation of G. 
fasciculatum at the rate of 150 spores per plant caused insignificant reduction 
in the fecundity of nematode. However, the higher spore inoculum of the AM 
fungus resulted si^ificant reduction in the fecundity with the maximum 
occurring at 2400 spore level (Table 21). 
The number of galls per root system depicted a similar trend as that of 
other parameters of root-knot development (Table 21). 
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Table 21. Interactive effect of spore density of mycorrhizal fungus Glomus 
fasciculatum and different inoculum levels of root-knot nematode 




(No./pot) Control 250 
Nematode population in soil 
Nematode inoculum density (J2) 



































































Nematode population/g root 
Nematode inoculum density (J2) 





























































ean 0 17 38 57 95 116 128 




Number of egg masses/ root system 
Nematode inoculum density (J2) 




































































Number of eggs/ egg mass 
Nematode inoculum density (J2) 

























































































G. fasciculatum = 
Number of galls; ' root system 














































Usefulness of AM fungi for plant growth has been reported time and 
again by many workers (Hasan et al., 2003; Jothi and Sundarababu, 2000, 
2002). In the present study AM fungus, Glomus fasciculatum was found to be 
beneficial for the growth and development of tomato var. Pusa Ruby. G. 
fasciculatum resulted an increase in length, fresh weight and dry weight of the 
plant. The increase in these growth parameters was higher in plants inoculated 
with higher inoculum levels oiG. fasciculatum. However, increase in inoculum 
level from 1200 to 2400 spores didn't result with corresponding increase in the 
value of many of the growth parameters studied. There are several reports of 
positive effect of AM fiingi inoculation (Hasan et al., 2003, Jothi and 
Sundarababu, 2000). 
The improvement in plant growth characteristics in mycorrhizal plants 
compared to control indicates the existence of complex but beneficial 
physiological and biochemical relationship between G. fasciculatum and 
tomato. AM fimgi have been reported to alter the physiology of roots of their 
hosts (Graham et al., 1981) causing changes in phytohormone levels (Allen et 
al., 1980) and photosynthetic rate (Allen et al., 1981). 
The increase in N, P and K contents of tomato plants due to G. 
fasciculatum inoculation indicates that the native isolates of AM fungi improve 
the absorption of nutrient by host plants. This supports earlier findings that 
mycorrhizal infection can cause a beneficial physiological effect on host plants 
by increasing uptake of soil phosphorus (Gerdemann, 1968, 1975) and also 
help in the transport of? in cowpea (Manjunath and Bagyaraj, 1984). Improved 
nutrient status in the mycorrhizal plants resulted increased biomass production 
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and growth potential. Better growth of cotton plants with Gigaspora calospora 
and G. margarita has been reported earlier by Roncadori and Hussey (1977). 
Similar results have been obtained for sorghum, upland rice and other crops 
(Singh and Tilak, 1990). The tomato plants treated with G. fasciculatum 
exhibiting well developed mycorrhizal colonization support the view that 
increased absorptive surface area contributed by the soil mycelium allows 
phosphorus uptake from a much greater soil volume (Tinker, 1975; Rhodes and 
Gerdemann, 1978) and the host growth is frequently enhanced particularly in P 
deficient soils (Mosse, 1973) together with enhanced uptake of other elements 
like Zn, S, Mn, Ca, etc. (Mosse, 1981). Mycorrhizal infection has been shown 
to effect rhizosphere populations (Ames et al., 1984; Mayer and Lindermann, 
1986). Furthermore, rhizospehre organisms have been shown to effect plant 
growth through hormone production and changes in nutrient availability 
(Bowen and Rovira, 1976; Rovira, 1957; Tinker, 1984). 
Several reports have shown that a host plant previously inoculated with 
an AM fungal symbiont exhibits increased resistance to several root diseases 
(Zak, 1964; Marx, 1973). The potential role of mycorrhizal fungi as biocontrol 
agents for nematode infection has received considerable attention (Saleh and 
Sikora, 1984; Oliveira and Zambolin, 1986). Generally, the severity of 
nematode disease is reduced in mycorrhizal plants (Saleh and Sikora, 1984; 
Cooper and Grandison, 1986). In the present study the harmful effect of M 
incognita on tomato plants was reduced considerably by the presence of G. 
fasciculatum. The reduction in the severity of the disease was greatest when 
higher inoculum levels of G. fasciculatum were applied. In several studies, AM 
fiingi have exhibited antagonistic influence on the population of plant parasitic 
nematodes (Grandison and Copper, 1986; Kellam and Schenck, 1980; Hussey 
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and Rancodori, 1978). Present study indicated that the presence of G. 
fasciculatum resulted decreased population of M incognita. The establishment 
of arbuscular mycorrhiza in plants usually confers resistance to nematode 
parasitism (Smith et al., 1986 a, b; Hussey and Roncadori, 1978). Such 
findings conform the present study where length, fresh weight, dry weight as 
well as nutrient status of nematode infected plants was improved by the 
presence of G. fasciculatum. Obviously, there was a reduction in the severity of 
the disease in the presence of G. fasciculatum. Other workers have also shown 
that nematode susceptible plants colonized by endomycorrhizal fungi are better 
able to tolerate plant pathogenic nematodes by showing better growth (Fox and 
Spasoff, 1972; Sitaramaiah and Sikora, 1981; Palacino and Leguizama, 1991; 
Sikora and Sitaramaiah, 1995; Jothi and Sundaraababu, 2000; Hasan et al., 
2003). In the present study low number of nematodes in root, eggs and egg 
masses and galls per root system were observed in plants treated with G. 
fasciculatum. AM fungal colonized roots have been found to be less penetrated 
by the nematode and have also proved to be unfavourable sites for gall 
formation. Sikora (1978) found that G. mosseae alters the attractiveness of the 
root system to M. incognita larvae. Decreased larval penetration, retarded 
nematode development in mycorrhizal roots and the adverse effect of AM 
fungi on nematode reproduction was also observed by (Sitaramaiah and Sikora, 
1981; Mac Guidwin et al, 1985; Osman et al, 1990; Ahmed and Al Sayed, 
1991; Shankaranarayanan and Sundarababu, 1994). 
Application of M. incognita decreased the mycorrhizal infection and 
sporulation of G. fasciculatum though the mycorrhization increased with the 
increase in G. fasciculatum inoculum levels. High populations of either of these 
organisms resulted low populations of the other. Bird (1974), Rich and Bird 
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(1974), Schenck and Kinloch (1974) and Lindermann (1985) also obtained 
similar results in the field observations relating the positive effect of 
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